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BOARD OF PATENT APPEALS AND INTERFERENCES 
UNITED STATES PATENT AND TRADEMARK OFFICE 
P.O. Box 2327 

WASHINGTON, D.C. 20231 

Sir: 

Transmitted herewith is an Appellants ' Brief to the Board of Patent Appeals arid Inter^rences. 
Attached to the Appellants ' Brief are: 

Appendix A setting forth the pending claims, 
Appendix B with copies of two (2) patents discussed in the Brief, 
Appendix C with copies of three (3) cases cited in the brief 

(X) The fee for filing a brief in the amount of $320 is enclosed. 

(X) An extension of time to respond for one (1) month is hereby requested. 

(X) The time extension fee for one month in the amount of $1 10 is enclosed. 

(X) A check in the amount of $430 to cover the foregoing fees is enclosed. 

(X) A return prepaid postcard. 

(X) If applicant has not requested a sufficient extension of time and/or has not paid any other 
fee in a sufficient amount to prevent the abandonment of this application, please consider 
this as a Request for an Extension for the required time period and/or authorization to 
charge our Deposit Account No. 1 1-1410 for any fee which may be due. Please credit 
any overpayment to Deposit Account No. 11-1 
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APPELLANTS' BRIEF 
PURSUANT TO 37 C.F.R. § 1.192 

UNITED STATES PATENT AND TRADEMARK OFFICE 
Board of Patent Appeals and Interferences 
P.O. Box 2327 
Arlington, Virginia 22202 

Dear Sir: 



Applicants (Appellants herein) appeal the final rejection of Claims 1-25 set forth in the 
May 31, 2001 Final Office Action. Appellants submitted a Notice of Appeal by Certificate of 
Mailing on October 29, 2002. According to the return postcard, the Notice of Appeal was 
received in the Board of Patent Appeals and Interferences on November 4, 2002. Thus, the 
original deadline for filing this appeal brief was January 6, 2003. This appeal brief is being 
submitted with a request for a one-month extension of time and the appropriate fee. 

This appeal brief is filed in triplicate pursuant to 37 C.F.R. § 1.192(a). Appellants are 
enclosing a check in the amount of $430 to cover the $320 fee for filing an appeal pursuant to 
37 C.F.R. § 1.191 and 1.17(c) and to cover the $110 fee under 37 C.F.R. § 1.136 for a one-month 
extension of time. Please charge any additional fees required, including any fee for an extension 
of time to Deposit Account No. 11-1410. 
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Appl.No. : 09/989,563 

Filed November 19,2001 



I. 



REAL PARTIES IN INTEREST 



The real parties in interest of the above-captioned application are: 

the inventors, Joseph C Sher and Daniel R. Loughmiller; and 
the assignee, Micron Technology, Inc. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants are unaware of any related appeal or interference. 



The present application is a continuation of U.S. Patent Application No. 09/387,263, filed 
on August 31, 1999, which issued as U.S. Patent No. 6,351,180 on February 26, 2002. The 
present application was originally filed with Claims 1-25. Claims 1-25 of the present application 
generally correspond to Claims 1-9, Claims 27-32, Claim 35, and Claims 40-48 that were finally 
rejected and canceled in the parent application. Claims 1-25 have not been amended during 
prosecution of the present and are pending as originally filed on November 19, 2001. Claims 1- 
25 were finally rejected by the Examiner in the May 31, 2002 Final Office Action, and the final 
rejection was maintained in an August 27, 2002 Advisory Action. No claims have been allowed 
in the present application, and Claims 1-25 are the subject of this appeal. 

In accordance with 37 C.F.R. § 1.192(c)(9), a copy of the set of claims involved in this 
appeal is included as Appendix A attached hereto. 



As set forth in Section HI, the claims have not been amended during the prosecution of 
the present application, and no amendment has been filed subsequent to the final rejection. 



III. 



STATUS OF CLAIMS 



IV. 



STATUS OF AMENDMENTS 



V. SUMMARY OF APPELLANTS' INVENTION 

This invention relates generally to a voltage regulation circuit in a semiconductor device. 
Such a voltage regulation circuit is used, for example, to generate a regulated constant supply 
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voltage within a dynamic random access memory (DRAM) to enable certain portions of the 
DRAM circuitry to operate at a higher voltage than the external supply voltage provided as an 
input to the DRAM. {See, paragraph 0005 on page 2 of the specification.) As further described 
in the specification, during the testing of the DRAM circuitry by the manufacturer, it is often 
desirable to increase the regulated constant supply voltage generated within the DRAM to ensure 
that the device is operating properly. {See, paragraph 0007 on page 2 of the specification.) On 
the other hand, after a DRAM circuit is delivered to a customer, a test performed on a DRAM at 
a higher voltage may fail because the customer may not control the testing conditions as well as 
the manufacturer. {See, paragraph 0007 on page 2 of the specification.) 

An object of this invention is to generate a higher regulated constant supply voltage for 
use during testing of the DRAM by the manufacturer but to limit the voltage level generated 
within the DRAM once the manufacturer's tests are completed and the DRAM has been shipped 
to a customer. This prevents the customer from inadvertently damaging the DRAM by 
generating the higher voltage when the testing environment is not properly controlled. {See, 
paragraph 0008 on page 3 of the specification.) 



VI. 



ISSUE PRESENTED ON APPEAL 



The following issue is presented on appeal: 

Whether Appellants' claimed inventions should be deemed obvious where 
the cited references do not teach or suggest the claimed subject matter. 



VII. GROUPING OF CLAIMS 



For the purposes of this appeal only, Appellants group the pending claims as follows: 
Group I: Claims 1-9, 15, 16 and 25 
Group II: Claims 10-14 
Group IE: Claims 17-24 
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VIIL ARGUMENT 

For the Board's convenience, Appellants are including copies of the references discussed 
herein in Appendix B, and copies of the cases relied upon herein in Appendix C. 

A, DISCUSSION OF THE REFERENCES RELIED UPON BY EXAMINER 

In the Final Office Action, the Examiner rejects Claims 1-25 under 35 U.S.C. § 103(a) as 
being unpatentable over U.S. Patent No. 5,483,486 to Javanifard et al. in view of U.S. Patent 
No. 5,473,277 to Furumochi. 

Javanifard et al. 

U.S. Patent No. 5,483,486 to Javanifard et al. ("Javanifard") discloses a charge pump 
circuit for providing multiple output voltages to a flash memory. The charge pump in Javanifard 
boosts an input supply voltage to a higher voltage required by a circuit such as a flash electrically 
erasable programmable read only memory (flash EEPROM). Javanifard utilizes a multiplexor 
connected to first and second regulation circuits to selectively control a single charge pump to 
output a first output voltage or a second output voltage in accordance with the regulation circuit 
coupled to the charge pump via the multiplexor. 

Furumochi 

U.S. Patent No. 5,473,277 to Furumochi discloses an output circuit for providing a finely 
adjustable voltage. Furumochi includes a constant voltage generator circuit that uses a ROM 
fuse circuit that is programmed to generate an external control signal. The external control signal 
is used to adjust the back-gate voltages of a plurality of series connected transistors that have 
their respective gates and drains connected together. By varying the back-gate voltages of the 
transistors, the threshold voltages of the transistors are varied such that the total voltage across 
the transistors is varied to enable the constant output voltage to be finely adjusted. 
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B. DISCUSSION OF THE ISSUE ON APPEAL 

Appellants 9 claimed inventions are not obvious because the 
cited references do not teach or suggest the claimed subject 
matter. 

The Examiner asserts that Javanifard discloses a circuit comprising a reference circuit, a 
voltage regulator electrically coupled to the reference circuit which generates a first control 
signal, and a charge pump that receives the control signal and generates a test supply voltage. 
Therefore, the Examiner asserts that Javanifard shows all elements of Claim 1 except for the 
reference circuit having a plurality of voltage regulation devices and having at least one bypass 
device connected to at least one of the plurality of voltage regulation devices. Furthermore, the 
Examiner states that Figure 5 of Furumochi shows "a reference circuit having a plurality of 
voltage regulation devices and at least one bypass device connected to at least one of the plurality 
of voltage regulation devices." The Examiner also states that "it would have been obvious to one 
having ordinary skill in the art to use Furumochi's figure for Javanifard et al.'s reference circuit 
for the purpose of generating a variable reference voltage, therefore controlling the output level 
of the charge pump." Moreover, the Examiner states that with the combination, it is inherent that 
the at least one bypass device is activated following the certification of the semiconductor device 
to bypass the at least one of the plurality of voltage regulation devices from the clamp circuit to 
lower the clamping threshold of the clamp circuit, the voltage regulator generating a second 
control signal responsive to the lowered clamping threshold of the clamp circuit to cause the 
charge pump to generate the operational supply voltage. 

For the reasons set forth below for each of the three groups of claims, Appellants 
respectfully disagree with the Examiner's analysis and conclusions. Appellants respectfully 
submit that all pending claims are patentably distinguished over the cited references. 

Group I: Claims 1-9, 15, 16 and 25 

Appellants respectfully submit that the Examiner has not established a prima facie case of 
obviousness as to Claim 1 because: (1) the cited references, individually or in combination, do 
not teach or suggest every feature of Claim 1; and (2) there is no suggestion or motivation to 
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combine or modify the cited references in a way that would make Claim 1 obvious in view of the 
prior art. 

Claim 1 is directed to a voltage control circuit comprising, among other elements, a 
clamp circuit having a plurality of voltage regulation devices that control a clamping threshold of 
the clamp circuit. The term "clamp circuit," as would be understood by one with ordinary skill in 
the relevant art, describes a circuit that operates to place a limit on (or to clamp) a signal if the 
signal reaches a certain predetermined value. This limiting, or clamping, does not occur until the 
signal reaches the predetermined value, and the signal is allowed to vary until that point. This 
understanding of the term "clamp circuit" is also supported by the surrounding claim language of 
Claim 1. Claim 1 recites this limit controlled by the clamp circuit as the "clamping threshold." 
As appreciated by one with ordinary skill in the relevant art, and consistent with the 
understanding of a clamp circuit, the term "clamping threshold" corresponds to a limit placed on 
a signal wherein some action occurs when the signal reaches that limit. Thus, the clamp circuit 
of Claim 1 operates to place a limit on a signal when that signal reaches a certain predetermined 
level. This limit on the voltage signal corresponds to the clamping threshold of the clamp circuit 
and ensures that the safe operating voltage of the charge pump is not exceeded. 

Neither Javanifard nor Furumochi teaches or suggests a voltage control circuit comprising 
a clamp circuit having a clamping threshold. Javanifard discloses a circuit for generating a 
desired output voltage (see column 19, line 16). With reference to Figure 14, Javanifard shows a 
supply circuit having, among other elements, a reference circuit. This voltage reference circuit is 
disclosed as using an input voltage to generate a reference voltage. Nowhere in the specification 
or in the depicted embodiments does Javanifard teach or suggest a voltage control circuit having 
a clamp circuit or a circuit having a clamping threshold. In particular, the reference voltage is 
fixed such that it does not vary above or below the desired voltage. 

Like Javanifard, Furumochi does not teach or suggest a voltage control circuit having a 
clamp circuit. Furumochi describes in column 2 at lines 59-60 that its invention relates to a 
voltage generator circuit for generating "constant voltages in fine steps." Referring to the 
preferred embodiment of the invention depicted in Figure 5, Furumochi describes the constant 
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voltage generator as being designed for supplying a constant voltage with "strict precision" (see 
column 7, lines 16-17). The voltage supplied by the Furumochi circuit is kept fixed, as noted by 
the Examiner, and is not allowed to vary above or below the voltage selected by the diode- 
configured transistors that are not bypassed. To assert that Furumochi teaches or suggests a 
clamp circuit not only goes against the accepted meaning of the term, but also ignores other 
express limitations of Claim 1, including the limitation of a "clamping threshold." Furumochi 
does not teach a circuit that allows an output signal to vary up to a clamping threshold. Rather, 
once the selected diode-configured transistors are bypassed in Furumochi, the output signal is 
fixed and does not vary above or below the selected output voltage. Thus, Furumochi, in 
combination with Javanifard, does not render obvious the embodiment of the present invention 
recited in Claim 1, which includes a clamp circuit having a clamping threshold. See M.P.E.P. 
§ 2143.03 (all words in claim must be considered in judging the patentability of that claim 
against prior art). 

In addition to reciting a voltage control circuit having a clamp circuit, Claim 1 also recites 
the voltage control circuit having at least one bypass device that is activated following 
certification of the semiconductor device to bypass at least one of a plurality of voltage regulation 
devices from the clamp circuit to lower the clamping threshold of the clamp circuit. This lower 
clamping threshold limits the supply voltage of the semiconductor device and prevents the 
customer from subsequently testing the semiconductor device using harmful voltage levels. 

Neither Javanifard nor Furumochi recites a voltage control circuit that comprises a bypass 
device that is activated following the certification of a semiconductor device to bypass at least 
one of a plurality of voltage regulation devices to lower the clamping threshold of a clamp 
circuit. Rather, Furumochi discloses a constant voltage generator having a switching element 
(SW0) comprising an n-type transistor connected at its gate to a ROM fuse circuit via an inverter 
(see column 7, lines 45-50). This switching element, however, cannot be activated to bypass a 
voltage regulation device in order to lower a clamping threshold. Specifically, the switching 
element taught by Furumochi may operate either in an "ON" state or an "OFF" state. When in an 
"ON" state, the switching element bypasses a transistor T4 and causes the output voltage of the 
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voltage generator circuit be at a lower level. When in an "OFF" state, the switching element 
does not bypass the transistor T4 and causes the output voltage of the voltage regulator to be at a 
higher level (see Table 1). However, the switching element disclosed by Furumochi may not 
"switch" from the "OFF" state (higher output voltage) to the "ON" state (lower output voltage). 
This is because, to be in the "OFF" state, fuse elements of the ROM fuse circuit in the switching 
element are melted and disconnected (see, for example, column 9, lines 22-33). In other words, 
the "OFF" state, which results in a higher output voltage produced by the voltage generator 
circuit, is permanent, and the switching element cannot subsequently be activated (or switched to 
an "ON" state) to lower the output voltage of the voltage generator circuit. Thus, neither of the 
cited references discloses a bypass device that may be activated to lower the clamping threshold 
of a clamp circuit. 

Furthermore, there is no suggestion or motivation to combine or to modify the references 
that would make Claim 1 obvious to one of ordinary skill in the art. Javanifard and Furumochi, 
individually or in combination, teach away from the claimed invention. Both Figure 14 of 
Javanifard and Figure 5 of Furumochi disclose reference circuits. In particular, the reference 
circuit disclosed in Furumochi is designed to generate a fixed reference voltage. Such a high 
precision reference circuit for producing a fixed reference voltage teaches away from the use of a 
clamp circuit that allows an output signal to vary below a clamping threshold. Because 
Furumochi teaches away from the present invention, Appellants submit that there is no 
suggestion or motivation to combine Javanifard and Furumochi in a way to render the present 
invention obvious. 

On pages 4-5 of the May 31, 2002 Final Office Action, the Examiner states that 

Appellants' arguments submitted in response to the first Office Action were fully considered but 

are not persuasive. In particular, and in response to the Appellants' argument that the cited 

references do not teach a clamp circuit, the Examiner states: 

[I]t is well known that diode works as a clamp. The diodes in Furumochi 's 
circuits forcing the output node to a fix voltage. Therefore, Furumochi 's 
reference circuit can be considered as clamp circuits. . . . Furthermore, it is seen as 
inherent for the supply voltage to be vary. That why the diodes is used in the 
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circuit for the purpose of generating a fix reference -voltage when the supply 
voltage exceed the threshold voltages of the diodes. 

Appellants agree with the Examiner that, under certain conditions, a diode may work as a 
clamping device. However, it is well known to one of ordinary skill in the relevant art that a 
circuit containing a diode, or other clamping device, is not necessarily a clamp circuit. As set 
forth above, neither Furumochi nor Javanifard teaches or suggests the use of a clamping circuit. 
Even though Furumochi discloses the use of diode-configured transistors in its voltage reference 
circuit depicted in Figure 5, Furumochi never discloses or suggests a clamp circuit having a 
clamping threshold. 

As discussed above, the "high-precision" voltage reference circuit of Furumochi teaches 
away from the claimed invention, which comprises a clamping circuit that allows an output 
voltage to vary up to a clamping threshold. If the reference circuit of Furumochi were designed 
to function as a clamping circuit with a clamping threshold, as the Examiner's statement 
suggests, the reference circuit of Furumochi would be rendered unsatisfactory for its intended 
purpose of supplying a "high precision" constant reference voltage. Such a modification of 
Furumochi' s disclosure is improper and is not sufficient to establish a prima facie case of 
obviousness. See M.P.E.P. § 2143.01 (proposed modification cannot render prior art 
unsatisfactory for its intended purpose and cannot change the principal of operation of the prior 
art invention). See also, In re Gordon, 733 F.2d 900, 902, 221 USPQ 1125, 1127 (Fed. Cir. 
1984); and reRatti, 270F.2d 810, 813, 123 USPQ 349, 352 (C.C.P.A. 1959). 

For the foregoing reasons, Appellants respectfully submit that Claim 1 is patentably 
distinguished over Javanifard and Furumochi. The Examiner's rejection of Claim 1 under 35 
U.S.C. § 103(a) is not supported by the cited references and should be reversed by the Board. 

Appellants respectfully submit that independent Claims 4, 15 and 25 are patentably 
distinguished over Javanifard and Furumochi for the reasons set forth above and for the different 
features recited in each of the independent claims. The Examiner's rejection of Claims 1,4, 15, 
and 25 under 35 U.S.C. § 103(a) is not supported by the cited references and should be reversed 
by the Board. 
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Claims 2-3 and 6-9 depend from Claim 1 and further define the invention defined in 
Claim 1. Claim 5 depends from Claim 4 and further defines the invention defined in Claim 4. 
Claim 16 depends from Claim 15 and further defines the invention defined in Claim 15. In view 
of the foregoing remarks regarding the patentability of Claims 1, 4 and 15, Appellants 
respectfully submit that dependent Claims 2-3, 5-9 and 16 are also patentably distinguished over 
the cited references. The Examiner's rejection of Claims 2-3, 5-9 and 16 under 35 U.S.C. 
§ 103(a) is not supported by the cited references and should be reversed by the Board. 

Group II: Claims 10-14 

Claim 10 is an apparatus claim defined with "means plus function" limitations. Although 
the Examiner states that "Claims 10-21 and 25 recite similar limitations of claims 1-9" and 
rejects those claims "for the same reasons," Appellants respectfully submit that Claim 10 and 
dependent Claims 1 1-14 are separately patentable from the claims in Groups I and III because the 
means plus functions limitations in Claims 11-14 must be examined in accordance with the 
guidelines set forth in M.P.E.P. §§ 2181-2186. 

Claim 10 recites a voltage control circuit comprising* among other elements, means for 
controlling an output of a clamp circuit. As previously discussed, neither Javanifard nor 
Furumochi discloses or suggests a voltage control circuit having a clamp circuit. Furthermore, 
there is no suggestion in either reference of a means for generating a first control signal based 
upon the output of the clamp circuit, a means for generating a test supply voltage, a means for 
limiting the output of the clamp circuit, means for generating a second control signal, and a 
means for generating an operational supply voltage. The Examiner's stated basis for the 
rejection does not indicate where the foregoing combination of elements can be found in the two 
references. Thus, Appellants respectfully submit that Claim 10 is patentably distinguished over 
the cited references. Appellants respectfully submit that the Examiner's rejection of Claim 10 
under 35 U.S.C. § 103(a) is not supported by the cited references and should be reversed by the 
Board. 
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Claims 11-14 depend from Claim 10 and further define the invention defined in Claim 
10. In view of the foregoing remarks regarding the patentability of Claim 10, Appellants 
respectfully submit that dependent Claims 11-14 are also patentably distinguished over the cited 
references. The Examiner's rejection of Claims 11-14 under 35 U.S.C. § 103(a) is not supported 
by the cited references and should be reversed by the Board. 

Group III: Claims 17-24 

Claims 17-24 are claims directed to a method of providing a first voltage supply on a 
semiconductor device during a first period and a second supply voltage during a second period. 
Since the limitations of Claims 17-24 are functional limitations rather than structural limitations, 
Claim 17-24 are separately patentable from the structural claims of Group I and the means plus 
function claims of Group II. 

The method of Claim 17 comprises, among other steps, generating the first supply voltage 
from a first voltage control signal, reversiblv bypassing at least one of a plurality of voltage 
control elements, and generating the second supply voltage from a second voltage control signal 
that is established from the plurality of voltage control elements which are not reversibly 
bypassed. 

Furumochi does not teach or suggest a method comprising the step of reversibly 
bypassing at least one of a plurality of voltage control elements. Rather, Furumochi discloses a 
switching element (SW0) wherein the gate of a transistor is connected to a ROM fuse circuit 
(see, for example, column 7, lines 45-50). In particular, the ROM fuse circuit of Furumochi 
comprises a resistor and a fuse element connected in series between a power source and a ground 
line (see column 8, lines 19-24). As previously discussed with respect to Claim 1, the "OFF" 
state of switching element SW0 is permanent because the fuse elements of the ROM fuse circuit 
are melted and disconnected to make the state "concrete" (see, for example, column 9, lines 22- 
33). Thus, the "OFF" state of the switching element SW0 is not reversible, and the switching 
element cannot reversibly bypass a voltage control element in order to establish a second voltage 
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control signal Nowhere does Furumochi teach or suggest the step of reversibly bypassing at 
least one of the plurality of voltage control elements. 

The Examiner also asserts in the last paragraph on page 5 of the May 31, 2002 Final 
Office Action that: 

In response for the arguments of claim 17, Furumochi' s figure 4 shows the step of 
generating the first supply voltage (Vout when switch 11A opened) from the first 
control signal and reversibly bypassing at least one of the plurality of the voltage 
control elements (by switch 11 A) which are not reversibly bypass, a second 
supply voltage (Vout when switch 1 la closed) from the second control signal. 

Appellants note that Figure 4 of Furumochi does not show a switch 11 A, and Appellants 
assume that the Examiner's statement is intended to be directed to Figure 3 on the same page. 
Appellants also respectfully submit, in light of the remarks made above, that Furumochi 's Figure 
3 does not teach the step of reversibly bypassing at least one of a plurality of voltage control 
elements in order to establish a second voltage control signal. The Examiner's statement appears 
to be reading an element into Figure 3 that is not disclosed by Furumochi. When reading Figure 
3 with the corresponding specification and subsequent figures, one with ordinary skill in the 
relevant art would understand the switching 11A of Figure 3 to be controlled by the ROM fuse 
circuit. Once the switching element 11A is opened (to not bypass transistor Tn), the switching 
element may not subsequently be closed because the open, or "OFF," state is permanent due to 
the configuration of the ROM fuse circuit. To open switching element 11 A, Furumochi teaches 
that the fuse elements of the ROM fuse circuit are melted and disconnected, which creates an 
irreversible open state. Thus, Appellants submit that Figure 3, in view of the corresponding 
specification, does not disclose each step of Claim 17. 

Because Claim 17 includes elements not taught or suggested by Javanifard or Furumochi, 
Appellants respectfully submit that Claim 17 is patentably distinguished over the two references. 
The Examiner's rejection of Claim 17 under 35 U.S.C. § 103(a) is not supported by the cited 
references and should be reversed by the Board. 

Claims 18-24 depend from Claim 17 and further define the invention defined in Claim 
17. In view of the foregoing remarks regarding the patentability of Claim 17, Appellants 
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respectfully submit that dependent Claims 18-24 are also patentably distinguished over the cited 
references. The Examiner's rejection of Claims 18-24 under 35 U.S.C. § 103(a) is not supported 
by the cited references and should be reversed by the Board. 

Summary of Arguments 

As set forth above for each of the three groups of claims, the final rejection of the claims 
under 35 U.S.C. § 103(a) as being unpatentable over Javanifard in view of Furumochi should be 
reversed because neither reference teaches or suggests the claimed subject matter to those of 
ordinary skill in the art, and the Examiner fails to show how the teachings of the two references 
can be combined to disclose or suggest the claimed subject matter. In particular, the Examiner's 
conclusory statements forming the basis for the rejection under 35 U.S.C. § 103(a) do not meet 
the standards set forth in a recent decision of the Court of Appeals for the Federal Circuit in 
In re Lee, 277 F.3d 1338, 134361 USPQ2d 1430, 1434 (Fed. Cir. 2002): 

The examiner's conclusory statements ... do not adequately address the 
issue of motivation to combine. This factual question of motivation is material to 
patentability, and could not be resolved on subjective belief and unknown 
authority. It is improper, in determining whether a person of ordinary skill would 
have been led to this combination of references, simply to "[use] that which the 
inventor taught against its teacher." W.L. Gore v. Gqrlock, Inc., 721 F.2d 1540, 
1553, 220 USPQ 303, 312-13 (Fed. Cir. 1983). Thus the Board must not only 
assure that the requisite findings are made, based on evidence of record, but must 
also explain the reasoning by which the findings are deemed to support the 
agency's conclusion. 

Under the well-established law reiterated by the Court of Appeals for the Federal Circuit 
in In re Lee, in order for the Examiner to properly reject claimed subject matter of the present 
application, the Examiner must cite references that teach the subject matter and must form 
arguments based on the combined teachings of the references as a basis for the rejection. 
Furthermore, the Examiner must show some suggestion to combine the references. The 
Examiner has not met that burden in the final rejection of the claims of the present application. 
Therefore the final rejection should be reversed as to all claims. 
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IX. CONCLUSION 

Appellants' respectfully submit that the claims pending in the present application are 
patentably distinguished over Javanifard in view of Furumochi. Appellants' respectfully request 
that this Board overturn the Examiner's rejections and to remand this application to the Examiner 
with directions to pass all pending claims to allowance. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: JAUUAM 7, 2003 By: _ 

Mrry T. Sewell 




egistration No. 31,567 
Attorney of Record 
2040 Main Street 
Fourteenth Floor 
Irvine, California 92614 
949-760-0404 
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APPENDIX A 
Claims Presented on Appeal 

1. A voltage control circuit which provides a test supply voltage 
during manufacturing and testing of a semiconductor device and an operational 
supply voltage after certification of the semiconductor device, the operational 
supply voltage being lower than the test supply voltage, the voltage control circuit 
comprising: 

a clamp circuit having a plurality of voltage regulation devices, the 
voltage regulation devices controlling a clamping threshold of the clamp 
circuit; 

a voltage regulator electrically coupled to the clamp circuit which 
generates a first control signal responsive to the clamping threshold of the 
clamp circuit; 

a charge pump which receives the control signal from the voltage 
regulator, the charge pump generating the test supply voltage; and 

at least one bypass device connected to at least one of the plurality 
of voltage regulation devices, wherein the at least one bypass device is 
activated following the certification of the semiconductor device to bypass 
the at least one of the plurality of voltage regulation devices from the 
clamp circuit to lower the clamping threshold of the clamp circuit, the 
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voltage regulator generating a second control signal responsive to the 
lowered clamping threshold of the clamp circuit to cause the charge pump 
to generate the operational supply voltage. 

2. The voltage control circuit of Claim 1, wherein the plurality of 
voltage regulation devices comprise diodes. 

3. The voltage control circuit of Claim 2, wherein the diodes are 
implemented through transistors. 

4. A voltage control circuit which provides a test supply voltage 
during manufacturing and testing of a semiconductor device and an operational 
supply voltage after certification of the semiconductor device, the operational 
supply voltage being lower than the test supply voltage, the voltage control circuit 
comprising: 

a clamp circuit having a plurality of voltage regulation devices, the 
voltage regulation devices controlling a clamping threshold of the clamp 
circuit; 

a voltage regulator electrically coupled to the clamp circuit which 
generates a first control signal responsive to the clamping threshold of the 
clamp circuit; 

a charge pump which receives the control signal from the voltage 

regulator, the charge pump generating the test supply voltage; and 
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at least one bypass device connected to at least one of the plurality 
of voltage regulation devices, the bypass device comprising a fuse in series 
with a transistor, wherein the at least one bypass device is activated 
following the certification of the semiconductor device to bypass the at 
least one of the plurality of voltage regulation devices from the clamp 
circuit to lower the clamping threshold of the clamp circuit, the voltage 
regulator generating a second control signal responsive to the lowered 
clamping threshold of the clamp circuit to cause the charge pump to 
generate the operational supply voltage. 

5. The voltage control circuit of Claim 4, wherein bypass device is 
activated by blowing the fuse. 

6. The voltage control circuit of Claim 1, wherein value of the 
operational supply voltage is reduced for each voltage regulation device bypassed. 

7. The voltage control circuit of Claim 1, wherein the voltage 
regulation devices limit the maximum voltage output of the clamp circuit. 

8. The voltage control circuit of Claim 1, wherein the first control 
signal reduces the test supply voltage when the voltage regulation devices limit 
the output of the clamp circuit. 
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9. The voltage control circuit of Claim 1, wherein the second control 
signal reduces the operational supply voltage when the non-bypassed voltage 
regulation devices limit the output of the clamp circuit. 

10. A voltage control circuit which provides a test supply voltage 
during manufacturing and testing of a semiconductor device and an operational 
supply voltage after certification of the semiconductor device, the operational 
supply voltage being lower than the test supply voltage, the voltage control circuit 
comprising: 

means for controlling an output of a clamp circuit; 

means for generating a first control signal based upon the output of 
the clamp circuit; 

means for generating the test supply voltage; 

means for limiting the output of the clamp circuit; 

means for generating a second control signal based upon the 
limited output of the clamp circuit; and 

means for generating the operational supply voltage. 

11. The voltage control circuit of Claim 10, wherein the control means 
comprise diodes. 

12. The voltage control circuit of Claim 11, wherein the diodes are 
implemented through transistors. 
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13. The voltage control circuit of Claim 10, wherein the limiting 
means comprises a fuse. 

14. The voltage control circuit of Claim 10, wherein the limiting 
means comprises a transistor. 

15. A voltage control circuit comprising: 

a clamp circuit having a plurality of voltage regulation devices, the 
voltage regulation devices controlling a clamping threshold of the clamp 
circuit; 

a voltage regulator electrically coupled to the clamp circuit, the 
voltage regulator generating a control signal responsive to the clamping 
threshold of the clamp circuit; 

a charge pump electrically coupled to the voltage regulator, the 
charge pump generating a voltage in response to the control signal from 
the voltage regulator; and 

at least one bypass device connected to at least one of the plurality 
of voltage regulation devices, wherein the at least one bypass device is 
reversibly activated to reversibly bypass the at least one of the plurality of 
voltage regulation devices from the clamp circuit, thereby modifying the 
clamping threshold of the clamp circuit. 
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16. The voltage control circuit of Claim 15, wherein the bypass device 
comprises a fuse in series with a control terminal of a transistor. 

17. A method of providing a first supply voltage on a semiconductor 
device during a first period and a second supply voltage during a second period, 
the method comprising the steps of: 

providing a plurality of voltage control elements; 
establishing a first voltage control signal from the voltage control 
elements; 

generating the first supply voltage from the first voltage control 

signal; 

reversibly bypassing at least one of the plurality of voltage control 
elements; 

establishing a second voltage control signal from the plurality of 
voltage control elements which are not reversibly bypassed; and 

generating the second supply voltage from the second voltage 
control signal. 

18. The method of Claim 17, wherein the first supply voltage has a 
voltage magnitude greater than the second supply voltage. 



Appendix A 
-vi- 



Appl.No. : 09/989,563 

Filed : November 19, 2001 

19. The method of Claim 17, wherein the plurality of voltage control 
elements comprise, diodes. 

20. The method of Claim 17, wherein reversibly bypassing at least one 
of the plurality of voltage control elements comprises applying a control signal to 
a bypass device. 

21. The method of Claim 17, wherein the first supply voltage and the 
second supply voltage are generated by a charge pump. 

22. The method of Claim 1 7, further comprising: 

irreversibly bypassing at least one of the plurality of voltage 
control elements; 

establishing a third voltage control signal during a third period 
from the plurality of voltage control elements which are not irreversibly 
bypassed; and 

generating a third supply voltage from the third voltage control 

signal. 

23. The method of Claim 22, wherein irreversibly bypassing at least 
one of the plurality of voltage control elements comprises blowing a fuse. 
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24. The method of Claim 22, wherein the at least one of the plurality of 
voltage control elements are irreversibly bypassed after testing of the 
semiconductor device. 

25. A voltage control circuit for a semiconductor device, the voltage 
control circuit generating an internal supply voltage within the semiconductor 
device, the internal supply voltage derived from an external supply voltage that 
varies over a range of magnitudes, the voltage control circuit comprising: 

a clamp circuit having a plurality of voltage regulation devices, the 
voltage regulation devices controlling a clamping threshold of the clamp 
circuit; 

a voltage regulator electrically coupled to the clamp circuit which 
generates a first control signal responsive to the. clamping threshold of the 
clamp circuit; 

a charge pump which receives the control signal from the voltage 
regulator, the charge pump generating the internal supply voltage from the 
external supply voltage, the internal supply voltage varying in response to 
changes in the magnitude of the external supply voltage and having a 
magnitude greater than the magnitude of the external supply voltage by a 
differential magnitude responsive to the clamping threshold of the clamp 
circuit; and 
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at least one bypass device connected to at least one of the plurality 
of voltage regulation devices, wherein the at least one bypass device is 
activated following testing of the semiconductor device to bypass the at 
least one of the plurality of voltage regulation devices from the clamp 
circuit to lower the clamping threshold of the clamp circuit, the voltage 
regulator generating a second control signal responsive to the lowered 
clamping threshold of the clamp circuit to cause the charge pump to 
generate the internal supply voltage at an operational magnitude having a 
reduced differential magnitude with respect to magnitude of the external 
supply voltage. 
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APPENDIX B 
Copies of References Discussed in Appeal Brief 

Copies of the following references are attached hereto: 

U.S. Patent No. 5,473,277 to Furumochi, issued on December 5, 1995, for Output 
Circuit for Providing a Finally Adjustable Voltage. 

U.S. Patent No. 5,483,486 to Javanifard et al, issued on January 9, 1996, for 
Charge Pump Circuit for Providing Multiple Output Voltages for Flash 
Memory. 
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[57] ABSTRACT 

A constant voltage generator circuit comprises adjusting 



means for making fine adjustment of each back-gate voltage 
of transistors on the basis of external control signals, and a 
transistor circuit for outputting a constant voltage adjusted 
on the basis of the back-gate voltage. A constant voltage 
generator circuit comprises adjusting means for making fine 
adjustment of each back-gate voltage of transistors on the 
basis of external control signals; and a transistor circuit for 
outputting a constant voltage adjusted on the basis of the 
back-gate voltages, the transistor circuit including a plurality 
of N transistors with their respective gates and sources 
connected together, and a load element for dividing the 
power source voltage with a plurality of N transistors. 
Adjusting means comprises a plurality of N-l switching 
circuits for supplying bias voltages individually to the 
back-gate of the first through (N-l)th transistors in the 
transistor circuit on the basis of the external control signal, 
and a switching element for stopping the operation of the 
Nth transistor in the transistor circuit on the basis of the 
external control signal. A semiconductor memory comprises 
memory means for storing information; and constant voltage 
generating means for supplying voltage to memory means, 
the constant voltage generating means including adjusting 
means for making fine adjustment of each back-gate voltage 
of a plurality of transistor on the basis of external control 
signals, and a transistor, circuit for outputting the constant 
voltage adjusted on the basis of the back-gate voltages. 
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OUTPUT CIRCUIT FOR PROVIDING A 
FINALLY ADJUSTABLE VOLTAGE 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The invention relates to a constant-voltage generator 
circuit and semiconductor memory, and more particularly, to 
the improvements of a circuit for generating a fine-adjusted 
constant voltage and low-voltage-driven memory. 10 

2. Description of the Related Art 

Recently, pattern microminiaturization is making a rapid 
progress in large scale integrated circuit (hereinafter referred 
to as ' 'LSI 1 ') devices because of the needs for the smaller size 1 5 
and higher capacity, and the higher speed of transistor 
operation. This, in turn, reduces the resisting voltage of 
MOS transistors. As for semiconductor memory for storing 
information, for example, designers strive to reduce its 
driving voltage. 20 

In order to supply high precision constant voltages to the 
low-voltage-driven semiconductor memory, designers usu- 
ally use constant voltage generator circuits using a band gap 
or constant voltage generator circuits using the threshold 
voltage of field effect transistors. 25 

However, adjusting steps of the constant voltage are 
limited to the selection ranges which depend on the thresh- 
olds of diode-configured transistors of a constant voltage 
circuit. Accordingly, the voltage adjustment fineness may 
become "rough" and a fine adjustment of the power supply 30 
voltage may need to be done for each load circuit because 
the thresholds vary with unevenness in transistor manufac- 
turing. 

Here, related arts of the invention will be explained. For 
example, as shown in FIG. 1 a first constant voltage gen- 35 
erator circuit supplying a constant voltage V DD to SRAM 
(static random access memory) comprises a transistor selec- 
tion circuit 1, a load resistor RL1, and four transistors 
T11-T41. Note that the circuit is arranged in a manner where 
the back-gates BG1-BG4 of the four transistor T11-T41 are 40 
biased with a common voltage. 

Specifically, the four transistors T11-T41 are composed 
of n-type field effect transistors, each of which is diode- 
configured. The four transistors T11-T41 are serially con- 45 
nected with the drain of transistor TU connected to one end 
of a load resistor RL1 and connected to an output OUT. The 
other end of the load resistor RL1 is connected to the power 
source line V cc and the source of the transistor T41 is 
connected to the ground line \ ss . The back-gates BG1-BG4 5Q 
of the four transistors T11-T41 are connected together to the 
ground line W ss . And, each of source-drain connection 
points of the transistors T11-T41 is connected to a transistor 
selection circuit 1. 

The transistor selection circuit 1 comprises three switch- 55 
ing devices TS1-TS3, the connections of which are con- 
trolled on the basis of external control signal S. The switch- 
ing device TS1 is connected between the source-drain 
connection points of the transistors Til and T21 and the 
transistors T21 and T31. The switching device TS2 is 60 
connected between the source-drain connection points of the 
transistors T21 and T31 and the transistors T31 and T41. The 
switching device TS3 is connected between the source-drain 
connection point of the transistors 131 and T41 ana* the 
ground line V ss . 65 

The above-described constant voltage generator circuit 
functions as follows: when switching devices TS1-TS3 are 
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selected and connected on the basis of an external control 
signal S, diode-configured transistors T21-T41 are selected; 
this causes the voltage between the power source line Vcc 
and the ground line W ss to be divided by the load resistor 
RL1 and the serially connected transistors T11-T41, where 
each resistance of the transistors T11-T41 in the conducting 
(or ON) state exhibits a value which depends on the sub- 
stantially constant threshold VTH; and a constant voltage 
VDD is generated at the output OUT. 

Further, a second constant voltage generator circuit 
according to related arts of the present invention comprises 
a transistor selection circuit 2, a load resistor RL2, and four 
transistors T12-T42 as shown in FIG. 2. In this circuit, the 
back-gates of the four transistors T12-T42 are biased with 
different voltages. 

As in the first constant voltage generator circuit, the four 
transistors T12-T42, each of which is in a diode configu- 
ration, are connected in a series. The drain of transistor T12 
is connected to one end of the load resistor RL2 and the 
output OUT. The other end of the load resistor RL2 is 
connected to the power source line V cc and the source of the 
transistor T42 is connected to the ground line VSS. 

The back-gate BG1 of the transistor T12 is connected to 
the source-drain connection point of the transistors T12 and 
T22, the back-gate BG2 of the transistor T22 is connected to 
the source-drain connection point of the transistors T22 and 
T32, the back-gate BG3 of the transistor T32 is connected to 
the source-drain connection point of the transistors T32 and 
T42. And the back-gate BG4 of the transistor T42 is con- 
nected to the ground line V ss . 

The transistor selection circuit 2 comprises three switch- 
ing devices TS1-TS3 and their connections are controlled 
on the basis of an external control signal S. The switching 
device TS1 is connected between the source-drain connec- 
tion points of the transistors T12 and T22 and the transistors 
T22 and T32. The switching device TS2 is connected 
between the source-drain connection points of the transistors 
T22 and T32 and the transistors T32 and T42. The switching 
device TS3 is connected between the source-drain connec- 
tion point of the transistors T32 and T42 and the ground line 

The constant voltage generator circuit functions as fol- 
lows: when switching devices TS1-TS3 are selected and 
connected on the basis of an external control signal S, 
diode-configured transistors T21-T41 are selected; this 
causes the voltage between the power source line V cc and 
the ground line V JS to be divided by the load resistor RL2 
and the transistors T12-T42, where each resistance of the 
transistors T11-T41 in the conducting state exhibits a value 
which depends on a different threshold VTH; and a constant 
voltage VDD is generated at the output OUT. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
extremely fine voltage adjustment by forming a simple 
circuit where thresholds of transistors are made use of and 
by devising a new way of biasing back-gates. In other words, 
it is to generate constant voltages in fine steps by dividing 
the power source voltage by the resistance in the conducting 
state which depends on the thresholds of n transistors and a 
load resistor connected to the power source line. 

The further object of the invention is to enhance the 
reliability of a circuit where an inventive constant voltage 
generator circuit is applied by providing a ROM fuse circuit, 
prograrnming the fuse devices to generate an external con- 
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trol signal, and vary finely adjusting the bias voltages of 
back-gates in the constant voltage generator circuit accord- 
ing to the external control signal. 

That is, a preferred embodiment of the constant voltage 
generator circuit according to the present invention, com- 
prising adjusting means for making fine adjustment of each 
back-gate voltage of transistors on the basis of external 
control signals, and a transistor circuit for outputting a 
constant voltage adjusted on the basis of the back-gate 
voltage. 

A constant voltage generator circuit comprises adjusting 
means for making fine adjustment of each back-gate voltage 
of transistors on the basis of external control signals; and a 
transistor circuit for outputting a constant voltage adjusted 
on the basis of the back-gate voltages, the transistor circuit 
includes a plurality of N transistors with their respective 
gates and drains connected together, and a load element for 
dividing the power source voltage with a plurality of N 
transistors. 

A constant voltage generator circuit comprises a transistor 
circuit for outputting a constant voltage adjusted on the basis 
of back-gate voltages, the transistor circuit includes a plu- 
rality of N transistors with their respective gates and drains 
connected together, and a load element for dividing the 
power source voltage with a plurality of N transistors; a 
ROM fuse circuit for generating the external control signals; 
and adjusting means for making fine adjustment of each 
back-gate voltage of a plurality of transistors on the basis of 
the external control signals. 

Adjusting means comprises a plurality of N-l switching 
circuits for supplying bias voltages individually to the 
back- gate of the first through (N-l)th transistors in the 
transistor circuit on the basis of the external control signal, 
and a switching element for stopping the operation of the 
Nth transistor in the transistor circuit on the basis of the 
external control signal. 

The first switching circuit of the adjusting means, on the 
basis of the external control signal, is for biasing the 
back-gate of the first transistor in the transistor circuit with 
an selected one out of the source voltage between the first 40 
and second serially-connected transistors, the source voltage 
between the second and third transistors, . . . , the source 
voltage between the (N-l)th and Nth transistors, and the 
power source voltage of the lower side. 

The second switching circuit of the adjusting means, on 
the basis of the external control signal, is for biasing the 
back-gate of the second transistor in the transistor circuit 
with an selected one out of the source voltage between the 
second and third serially-connected transistors, the source 

voltage between the third and forth transistors the 

source voltage between the (N-l)th and (n)th transistors, 
and the power source voltage of the lower side. 

The (N-l)th switching circuit of the adjusting means, on 
the basis of the external control signal, for biasing the 
back-gate of the (N-l)th transistor in the transistor circuit 
with an selected one out of the source voltage between the 
(N-l)th and Nth serially-connected transistors, and the 
power source voltage of the lower side. 

.External control signals are generated by prograrnming 
the fuse elements of the ROM fuse circuit. The transistor 
circuit is formed of n-type field effect transistors. 

A semiconductor memory comprises memory means for 
storing information, and constant voltage generating means 
for supplying voltage to memory means. The constant 
voltage generating means includes adjusting means for 
making fine adjustment of each back-gate voltage of a 
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plurality of transistor on the basis of external control signals, 
and a transistor circuit for outputting the constant voltage 
adjusted on the basis of the back-gate voltages. 

The transistor circuit includes a plurality of N transistors 
with their respective gates and drains connected together,and 
a load element for dividing the power source voltage with a 
plurality of N transistors. The constant voltage generating 
means further comprises a ROM fuse circuit for generating 
the external control signals. 

Employing such circuit configurations yields a constant 
voltage generating circuit permitting voltage adjustment by 
a fine step and low-voltage-driven reliable semiconductor 
memory to which the constant voltage generating circuit is 
applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing the arrangement of a 
transistor-selecting-type constant voltage generator circuit 
according art which is related to the present invention,; 

FIG. 2 is a diagram showing the arrangement of another 
transistor-selecting-type constant voltage generator circuit 
according art which is related to the invention; 

FIG. 3 is a diagram showing the arrangement of a 
fundamental constant voltage generator circuit according to 
the invention; ( 

FIG. 4 is a diagram showing the fundamental arrangement 
of semiconductor memory to which the constant voltage 
generator circuit shown in FIG. 3 is applied; 

HG. 5 is a diagram showing the arrangement of a constant 
voltage generator circuit according to a preferred embodi- 
ment of the present invention; 

FIG. 6 shows an equivalent circuit of the constant voltage 
generator circuit shown in FIG. 5; 

FIG. 7A through 7G each shows an equivalent circuit of 
the constant voltage generator circuit shown in HG. 6 when 
rjrograrnming (SW0=OFF); 

FIG. 7A shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl-»a, C2-»e, and C3-»h); 

FIG. 7B shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl-»b, C2-»e, and C3->h); 

FIG. 7C shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl->c, C2-»e, and C3->h); 

FIG. 7D shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl->d, C2-»e, and C3-»h); 

FIG. 7E shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl->d, C2-rf, and C3->h); 

FIG. 7F shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl-Hi, C2-7»g, and C3-»h); 

FIG. 7G shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl-»d, C2-»g, and C3-»i); 

FIG. 8A through 8D each shows an equivalent circuit of 
the constant voltage generator circuit shown in FIG. 6 when 
programming (SW0=ON); 

HG. 8A shows an equivalent circuit of the constant 
voltage generator circuit shown in HG. 6 when program- 
ming (Cl->a, C2->e, and C3-»h); 
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FIG. 8B shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl->c, C2-*e, and C3-»h); 

FIG. 8C shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 5 
ming (Cl->d, C2->e, and C3->h); 

FIG. 8D shows an equivalent circuit of the constant 
voltage generator circuit shown in FIG. 6 when program- 
ming (Cl->d, C2-»g, and C3-*h); and 

FIG. 9 is a diagram showing the arrangement of a static 10 
random access memory (SRAM) in which a constant voltage 
generator circuit according to an embodiment of the inven- 
tion is utilized. 

15 

DETAILED DESCRIPTION 

According to a first constant voltage generator circuit of 
related arts of the invention, as shown in FIG. 1, a transistor 
selection circuit 1 is provided, and some of the four tran- 20 
sistors T11-T41 are selected on the basis of the external 
control signal S. Thus, through the selection of the transis- 
tors T11-T41, it is possible to obtain a constant voltage 
which is the allotted portion of the voltage between the 
power source line V cc and the ground line V^ divided by 25 
the ON-state (or conducting-state) resistances which depend 
on a substantially constant threshold VTH and the load 
resistor RL1. 

Also, according to a second constant voltage generator 
circuit of related arts of the invention, a transistor selection 30 
circuit 2 is provided, and some of the four transistors 
T12-T42 are selected on the basis of the external control 
signal S. Thus, through the selection of the transistors 
T12-T42, it is possible to obtain a constant voltage \ DD 
which is the allotted portion of the voltage between the 35 
power source line V cc and the ground line \ ss divided by 
the ON-state resistances which depend on different thresh- 
olds VTH and the load resistor RL2. 

However, what is true to both first and second constant 4Q 
voltage generator circuit is that the adjusting steps for the 
constant voltage are limited within selection ranges which 
depend on the thresholds VTH of the diode-configured 
transistors T11-T41 or T12-T42, which causes its voltage 
adjusting fineness to be "rough". Additionally, when thresh- 45 
olds VTH varies owing to unevenness in manufacturing of 
transistors T11-T41 or T12-T42, a fine adjustment of the 
constant voltage \ DD becomes necessary for every load 
circuit. 

This prevents a high-precision constant voltage V^ from 50 
being supplied to minutely processed low-voltage-driven 
SRAM and the like. Thus, unevenness in manufacturing 
may result in lack of stability of circuit operation or degra- 
dation of reliability of its application system. 

On the other hand, a fundamental constant voltage gen- 55 
erator circuit of the invention, as shown in FIG. 3, is 
provided with a load element RL, a bias variable means 11, 
and a plurality of n field effect transistors Tn (n=l,2, . . . ,n). 
Trie n transistors, each of which is in a diode configuration, 
are connected in a series. One end (of Tl) of the serially 60 
connected transistors is connected to one end of the load 
element RL and the output OUT. The other end of the load 
element RL is connected to the first power source line V co 
and the other end (of Tn) of the serially connected transistors 
is connected to the second power source line V^. The 65 
back-gates BGn (n=l,2, . . . ,n) of the n transistors Th are 
connected to the bias variable means 11, the outputs of 
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which are controlled on the basis of the external control 
signal S. 

Specifically, in the fundamental constant voltage genera- 
tor circuit . of the invention, the bias variable means 11 
comprises a switching element 11A and n-1 selection 
switching circuits SWk (k=l,2, . . . ,n~l). The back-gate 
BGk of a transistor Tk is connected individually to the 
common contact Ck of the respective selection switching 
circuit Swk. The source-drain connection points between the 
serially connected transistors Tn are connected to contacts a, 
b, c, d, .... The back-gate Bgn of the transistor Tn connected 
to the second power source line V^ is connected to the 
second power source line V^. The switching element 11 A is 
connected in parallel to the transistor Tn connected to the 
second power source line V^. 

Further, in the fundamental constant voltage generator 
circuit of the invention, to the back-gates Bgn (n=l ,2, . . . ,n) 
of the n transistors Tn, there are supplied voltages of 
source-drain connection points between serially connected 
transistors Tn or the voltage of the second power source line 

Further, in the fundamental constant voltage generator 
circuit of the invention, output control for the bias variable 
means 11 is achieved by providing a ROM fuse circuit 14 for 
generating the external control signal S and r^ogramming 
the fuse elements FU in the ROM fuse circuit 14. 

Still further, as shown in FIG. 4, the fundamental semi- 
conductor memory of the invention is provided with a 
memory means 12 for storing information and a power 
supplying means 13 for supplying a power source to the 
memory means 12. The inventive constant voltage generator 
circuit 100 is connected to the power supplying means 13, 

Operation of the fundamental constant voltage generator 
circuit of the invention will be described below. For 
example, as shown in FIG. 3, the fuse elements FU in a 
ROM fuse circuit 14 is programmed to generate the external 
control signal S, on the basis of which the bias variable 
means 11 has its output finely controlled. That is, connecting 
the common contacts Ck of the selection switching circuits 
Swk and contacts a, b, c, d, . . . selectively on the basis of 
the external control signal S causes the back-gate Bgn of the 
n transistors Tl-Tn to be biased selectively with voltages 
supplied to the contact a, b, c, d, . . . — for example, voltages 
of source-drain connection points between transistors Tn 
and the voltage, of the second power source line \ ss . 

Accordingly, there is obtained a constant voltage V DD to 
which the ON-state resistance dependant on the threshold of 
Tn of the n transistors Tl-Tn and the load resistor RL 
connected to the first power source line V cc proportionally 
allocate the voltage between the power source lines V cc and 
VSS. At this time, the threshold VTH of the n transistors 
Tl-Tn varies in more fine steps as compared with the related 
art of the invention. This is because the voltage impressed on 
each back-gate Bgn of the transistors Tl-Tn is biased with 
a selected strength of voltage. 

Therefore, even when thresholds VTH of the transistors 
Tl-Tn varies owing to unevenness in manufacturing, a 
constant voltage V DD adjusted by fine steps is supplied for 
each load circuit which requires a strict precision of the 
voltage. That is, the adjustment of the constant voltage is 
achieved with high precision. 

Further, the operation of a fundamental semiconductor 
memory of the invention will be described below. For 
example, as shown in FIG. 4, the fuse elements FU of the 
ROM fuse circuit 14 are programmed to generate the said 
external control signal S, on the basis of which the bias 
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voltages of the back-gates of the constant voltage generator 
circuit is minutely adjusted. Therefore, it is possible to 
supply constant voltages V DDi (1=1,2, . . . ,n), with precision, 
which is suitable for minutely-processed low-voltage-driven 
SRAM which has an extremely limited allowable of the 
operation voltage and the like. 

Therefore, the optimum constant voltage is supplied 
for manufacture unevenness of transistors constituting the 
memory means 12. This contributes greatly to the manufac- 
turing of semiconductor memory of high reliability such as 
low- voltage-driven SRAM's. 

Next, we discuss illustrative embodiments of the present 
invention referring to the drawings. 
(1) Constant Voltage Generator Circuit 

For example, as shown in FIG. 5, a constant voltage 
generator circuit for supplying a constant voltage to a load 
circuit which requires a strict precision of the power source 
voltage comprises transistors T1-T4, a load resistor RL, a 
switching element SWO, selection switching circuits 
SW1-SW3, inverter INV1-INV4, and a ROM fuse circuit 
14. 

That is, the transistors T1-T4 are one example set of n 
transistors Tl-Tn, indicating the case of n=4. The four 
transistors T1-T4 are composed of n-type field effect tran- 
sistors. Each of the transistors T1-T4 has its gate connected 
to its drain (hereinafter, referred to as "is diode-configured"). 
Also, the four transistors T1-T4 are connected in a series 
(source-drain connection). One end of the transistor Tl and 
one end of the load resistor RL are connected together to the 
output OUT. And, the source and the back-gate of the 
transistor T4 are connected to the second power source line 
(hereinafter, referred to as "the ground line") \ ss . 

The load resistor RL, which is an example of the load 
element RL, has its one end connected to the first power 
source line (hereinafter, simply referred to as "the power 
source line") V cc of about 3V. As the load resistor RL, one 
or more transistor with less current-driving capability than 
the transistors T1-T4 are used. 

The switching clement SWO and selection switching 
circuit SW1-SW3 are an illustrative example of a bias 
variable means 11, and the switching element SWO is an 
example of the switching element 11A. The selection 
switching circuits SW1-SW3 are one example of k pieces of 
selection switching circuits Swk, indicating the case of k=3. 

The switching element SWO is composed of an n-type 45 
field effect transistor. The transistor TN4 has its source 
connected to the ground line V^, its drain connected to the 
source-drain connection of the transistors T3 and T4, and its 
gate connected to the ROM fuse circuit 14 via the inverter 
INV4. 

The selection switching circuit SW1 is composed of 4 
pieces of p-type field effect transistors TP1-TP4. The 
sources of the transistors TP1-TP4 are connected together to 
the back-gate BG1 of the transistor Tl. The drain of the 
transistor TP1 is connected to the source-drain connection 
point of the transistors Tl and T2, and its gate is connected 
to the ROM fuse circuit 14. The drain of the transistor TP2 
is connected to the source-drain connection point of the 
transistors T2 and T3, and its gate is connected to the ROM 
fuse circuit 14. The drain of the transistor TP3 is connected 
to the source-drain connection point of the transistors T3 and 
T4, and its gate is connected to the ROM fuse circuit 14. The 
drain of the transistor TP4 is connected to the ground line 
V ss and its gate is connected to the ROM fuse circuit 14. 

The selection switching circuit SW2 is composed of 3 
pieces of p-type field effect transistors TP5-TP7. The 
sources of the transistors TP5-TP7 are connected together to 
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the back-gate BG2 of the transistor T2. The drain of the 
transistor TPS is connected to the source-drain connection 
point of the transistors T2 and T3, and its gate is connected 
to the ROM fuse circuit 14. The drain of the transistor TP6 
is connected to the source-drain connection point of the 
transistors T3 and T4, and its gate is connected to the ROM 
fuse circuit 14. The drain of the transistor TP7 is connected 
to the ground line V ss and its gate is connected to the ROM 
fuse circuit 14 via the inverter INV2. 

The selection switching circuit SW3 is composed of 2 
pieces of n-type field effect transistors TNI and TN2. The 
drains of the transistors TNI and TN2 are connected 
together to the back-gate BG3 of the transistor T3. The 
source of the transistor TNI is connected to the soutce-drain 
connection point of the transistors T3 and T4, and its gate is 
connected to the ROM fuse circuit 14 via the inverter INV3. 
The source of the transistor TN2 is connected to the ground 
line V ss and its gate is connected to the ROM fuse circuit 14. 

Specifically, one circuit worth of the ROM fuse circuit 14 
for generating the external control signal S is composed of 
an inverter INV, a resistor R and a fuse FU. The resistor R 
and the fuse element FU is connected in a series between the 
power source line V cc and the ground line V^ and an 
inverter INV is connected to the serial connection point. The 
output of the inverter INV plays a role of the external control 
signal Si (i=l, . . . ,10) and is supplied to the switching 
element SWO and the selection switching circuit S W1-SW3. 
According to the external control signals S1-S10, the bias 
voltages are controlled. 

FIG. 6 shows an equivalent circuit of a constant voltage 
generator circuit according to an illustrative embodiment of 
the invention. As shown in FIG. 6, the selection switching 
circuit SW1 of the constant voltage generator circuit is 
replaced by a common contact CI and contacts "a", "b", "c" 
and "d". 

That is, the common contact CI is a source-connection 
point of the transistors TP1-TP4 and is connected to the 
back-gate BG1 of the transistor Tl. The contact "a" is the 
drain-connection point of the transistor TP4 and is con- 
nected to the ground line V 55 . The contact "b" is the 
drain-connection point of the transistor TP3 and is con- 
nected to the source-drain connection point of the transistor 
T3 and T4. The contact "c" is the drain-connection point of 
the transistor TP2 and is connected to the source-drain 
connection point of the transistor T2 and T3. The contact "d" 
is the drain-connection point of the transistor TP1 and is 
connected to the source-drain connection point of the tran- 
sistor Tl and T2. 

Also, the selection switching circuit SW2 is replaced by 
a common contact C2 and contacts V\ "f ' and "g". That is, 
the common contact C2 is a source-connection point of the 
transistors TP5-TP7 and is connected to the back-gate BG2 
of the transistor T2. The contact "e" is the drain-connection 
point of the transistor TP7 and is connected to the ground 
line Vss* The contact "f ' is the drain-connection point of the 
transistor TP6 and is connected to the source-drain connec- 
tion point of the transistor T3 and T4. The contact "g" is the 
drain-connection point of the transistor TPS and is con- 
nected to the source-drain connection point of the transistor 
T2and T3. 

Further, the selection switching circuit SW3 is replaced 
by a common contact C3 and contacts "h" and "i". That is, 
the common contact C3 is a drain-connection point of the 
transistors TN1-TN2 and is connected to the back-gate BG3 
of the transistor T3. The contact "h" is the source-connection 
point of the transistor TN2 and is connected to the ground 
line V^. The contact "i" is the source-connection point of 
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the transistor TNI and is connected to the source-drain that SW0="OFF", Cl-»c at SW1, C2-»e at SW2 and C3-»h 

connection point of the transistor T3 and T4. at SW3. To be concrete, the external control signals S2, S7 

Further, the switching clement S WO is a equivalent circuit and S9 are generated in the ROM fuse circuit 14 and are 

of the transistor TN4 and is connected in parallel to the supplied to each gate of the transistor- TP2 in SW1, the 

transistor T4. The equivalent circuits of the switching ele- 5 transistor TP7 in SW2 and the transistor TN2 in SW3, 

ment and the selection switching circuit SW1-SW3 are respectively. The back gate of transistor Tl is connected to 

formed as described above. the source-drain connecting point of transistors T2 and T3. 

Next, referring to supplementary equivalent circuits, we Therefore, the back gate voltage of transistor Tl becomes 

discuss the operation at the time of programming of a 0.8V, thereby reducing VTH of transistor Tl by 0.2V. As a 

constant voltage generator circuit according to the embodi- 10 result, VTH of transistor Tl becomes 0.5V. 

ment of the invention. Thus, at the output OUT there is generated a constant 

As an example, we discuss the case of programming the voltage V DD3 =2.0 V, that is, the sum of 0.5V of the transistor 

fuse elements of a ROM fuse circuit 14 for generating Tl threshold VTH, 0.6V of the transistor T2 threshold VTH, 

external control signals S1-S10, under the operating condi- 0.5 V of the transistor T3 threshold VTH and 0.4V of the 

tion that the power source line V cc f=3 V, each threshold VTH 1 5 transistor T4 threshold VTH. 

of the four transistors T1-T4 equals 0.4V when the back- Further, as shown in FIG. 7D, in case of providing the 

gate voltage=0 and the VTH becomes higher by about 0.1V constant voltage V OD4 =1.9 V, the connections are so made 

as the back-gate voltage drops by 0.4 V. In other words, VTH that S W0="OFF\ Cl-»d at SW1, C2->e at SW2 and C3-»h 

becomes lower by approximately 0.1V as the back-gate at SW3. To be concrete, the external control signals SI, S7 

voltage increases by 0.4V. VTH increases by approximately 20 and S9 are generated in the ROM fuse circuit 14 and are 

0.1V as gate voltage increases by 0.4V. supplied to each gate of the transistor TP1 in SW1, the 

For example, as shown in FIG. 7A, in case of providing transistor TP7 in SW2 and the transistor TN2 in SW3, 

the constant voltage V DD1 =2.2V, the switching element respectively. 

SW0 is operated in the OFF state (hereinafter referred to as Thus, at the output OUT there is generated a constant 

tt OFF*) and the common contact CI of the selection switch- 25 voltage V DD4 =1 .9 V, that is, the sum of 0.4V of the transistor 

ing circuit S Wl is connected to the contact "a" (hereinafter Tl threshold VTH, 0.6V of the transistor T2 threshold VTH, 

simply expressed as "Cl->a"). Further, the common contact 0.5V of the transistor T3 threshold VTH and 0.4V of the 

C2 of the selection switching circuit SW2 is connected to the transistor T4 threshold VTH. 

contact V and the common contact C3 of the selection Similarly, as shown in FIG. 7E, in case of providing the 

switching circuit SW3 is connected to the contact "h". To be 30 constant voltage V DD3 =1 .8 V, the connections are so made 

concrete, the fuse elements FU of the ROM fuse circuit 14 that S W<N"OFF\ Cl-»d at SW1, C2-»f at SW2 and C3-»h 

are melted and disconnected to generate the external control at SW3. To be concrete, the external control signals SI, S6 

signals S4, S7 and S9, which are supplied to each gate of the and S9 are generated in the ROM fuse circuit 14 and are 

transistor TP4 in the selection switching circuit SW1, the supplied to each gate of the transistor TP1 in SW1, the 

transistor TP7 in the selection switching circuit SW2 and the 35 transistor TP6 in SW2 and the transistor TN2 in SW3, 

transistor TN2 in the selection switching circuit SW3, respectively. 

respectively. . Thus, at the output OUT there is generated a constant 

Thus, at the output OUT there is generated a constant voltage V DD5 =1.8V, that is, the sum of 0.4V of the transistor 

voltage V ODX =2.2V, that is, the sum of 0.7V of the transistor Tl threshold VTH, 0.5V of the transistor T2 threshold VTH, 

Tl threshold VTH, 0.6V of the transistor T2 threshold VTH, 40 0.5V of the transistor T3 threshold VTH and 0.4V of the 

0.5V of the transistor T3 threshold VTH and 0.4V of the transistor T4 threshold VTH. 

transistor T4 threshold VTH. The theoretical gate Voltage of Further, as shown in FIG. 7F, in case of providing the 

transistor T4 is almost 0.4V, that of transistor T3 is almost constant voltage V^^l.7 V, the connections are so made 

0.8V, that of transistor T2 is almost 1.2V, and that of that SWG="OFF\ Cl-»d at SW1, C2->G at SW2 and 

transistor H is almost 1.6V. Therefore, VTH of transistor T3 45 C3-»h at SW3. To be concrete, the external control signals 

increases by 0.1V and becomes 0.5V. Similarly, VTH of SI, S5 and S9 are generated in the ROM fuse circuit 14 and 

transistor T2 becomes 0.6V, and VTH of transistor Tl are supplied to each gate of the transistor TP1 in SW1, the 

becomes 0.7V. transistor TPS in SW2 and the transistor TN2 in SW3, 

As shown in FIG. 7B, in case of providing the constant respectively, 

voltage V do2 =2.1V, the connections are so made that SW0= 50 Thus, at the, output OUT there is generated a constant 

"OFF*, Cl->b at S Wl, C2->e at S W2 and C3-»h at S W3. voltage V ooe =l .7 V, that is, the sum of 0.4V of the transistor 

To be concrete, the external control signals S3, S7 and S9 are Tl threshold VTH, 0.4V of the transistor T2 threshold VTH, 

generated in the ROM fuse circuit 14 and are supplied to 0.5V of the transistor T3 threshold VTH and 0.4V of the 

each gate of the transistor TP3 in S Wl, the transistor TP7 in transistor T4 threshold VTH. 

SW2 and the transistor TN2 in SW3, respectively. The back 55 Further, as shown in FIG. 7G, in case of providing the 

gate of transistor Tl is connected to the source-drain con- constant voltage V Dj07 =1.6V, the connections are so made 

necting point of transistors T3 and T4, as shown in FIG. 7B. that SW0="OFF\ Cl->d at SW1, C2-»G at SW2 and C3->i 

Therefore, the back-gate voltage of transistor Tl becomes at SW3. To be concrete, the external control signals SI, S5 

0.4V, thereby reducing VTH of transistor Tl by 0.1V. As a and S8 are generated in the ROM fuse circuit 14 and are 

result, VTH of transistor Tl becomes 0.6V. 60 supplied to each gate of the transistor TP1 in SW1, the 

Thus, at the output OUT there is generated a constant transistor TPS in SW2 and the transistor TNI in SW3, 

voltage V Dm -2. 1 V, that is, the sum of 0.6V of,the transistor respectively. 

Tl threshold VTH, 0.6V of the transistor T2 threshold VTH, Thus, at the output OUT there is generated a constant 

0.5V of the transistor T3 threshold VTH and 0.4V of the voltage V^^l.ev, that is, the sum of 0.4V of the transistor 

transistor T4 threshold VTH. 65 Tl threshold VTH, 0.4V of the transistor T2 threshold VTH, 

Further, as shown in FIG. 7C, in case of providing the 0.4V of the transistor T3 threshold VTH and 0.4V of the 

constant voltage V Z)O3 =2.0V, the connections are so made transistor T4 threshold VTH. 
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Still further, as shown in FIG. 8A, in case of providing the 
constant voltage V 0O8 =1.5V, the connections are so made 
that SW0="Olsr Cl->a at SW1 C2-* at SW2 and C3->h 
at SW3. To be concrete, the external control signals S4, S7 
and S9 are generated in the ROM fuse circuit 14 and are 5 
supplied to each gate of the transistor TP4 in SW1, the 
transistor TP7 in SW2 and the transistor TN2 in SW3, 
respectively. 

Thus, at the output OUT there is generated a constant 
voltage V Dng =l .5V, that is, the sum of 0.6V of the transistor 10 
Tl threshold VTH, 0.5 V of the transistor T2 threshold VTH 
and 0.4V of the transistor T3 threshold VTH. 

Similarly, as shown in FIG. 8B, in case of providing the 
constant voltage V D£ >3=1.4V, the connections are so made 
that SW0="ON", Cl->c at SW1, C2->e at SW2 and C3->h 15 
at SW3. To be concrete, the external control signals S10, S2, 
S7 and S9 are generated in the ROM fuse circuit 14 and are . 
supplied to each gate of the transistor TN4 in SWO, the 
transistor TP2 in SW1, the transistor TP7 in SW2 and the 
transistor TN2 in SW3, respectively. 

Thus, at the output OUT there is generated a constant 
voltage V DZW =1 ,4V, that is, the sum of 0.5 V of the transistor 
Tl threshold VTH, 0.5 V of the transistor T2 threshold VTH 
and 0.4V of the transistor T3 threshold VTH. 

Further, as shown in FIG. 8C, in case of providing the 
constant voltage V DD ia=1.3V t the connections are so made 
that SW0="ON" Cl->d at SW1, C2-* at SW2 and C3->h 
at SW3. To be concrete, the external control signals SI, S7 
and S9 are generated in the ROM fuse circuit 14 and are 
supplied to each gate of the transistor TP4 in SW1, the 30 
transistor TP7 in SW2 and the transistor TN2 in SW3, 
respectively. 

Thus, at the output OUT there is generated a constant 
voltage V DDl o=l3\, that is, the sum of 0.4V of the tran- 
sistor Tl threshold VTH, 0.5V of the transistor T2 threshold 35 
VTH and 0.4V of the transistor T3 threshold VTH. 

Further, as shown in FIG. 8D, in case of providing the 
constant voltage V OTll =1.2V, the connections are so made 
that SW0="ON", Cl-Ki at SW1, C2->g at SW2 and C3-^h 
at SW3. To be concrete, the external control signals SI, S5 
and S9 are generated in the ROM fuse circuit 14 and are 
supplied to each gate of the transistor TP4 in SW1, the 
transistor TP7 in SW2 and the transistor TN2 in SW3, 
respectively. 

Thus, at the output OUT there is generated a constant 45 
voltage V DZ>12 =L2V, that is, the sum of 0.4V of the tran- 
sistor Tl threshold VTH, 0.4V of the transistor T2 threshold 
VTH and 0.4V of the transistor T3 threshold VTH. 

In Table 1, the relations among the state of the switches, 
the thresholds VTH of each transistor, and constant (output) 
voltage are summarized. 
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TABLE 1 



SWITCHES 



TRANSISTOR 



sw 


SW 


sw 


SW 




VTH[V] 




1 
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Tl 


T2 T3 


T4 
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OFF 
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VOLTAGE 
VDEH[V3 
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TABLE 1-continued 



SWITCHES 



TRANSISTOR 



VOLTAGE 



SW 


SW 


SW 


SW 




VTH[V] 




VDDi [V] 


1 


2 


3 


o 


Tl 


T2 


T3 


T4 


Tlx TO x x TA 
11 "T lit I J T l*t 


a 
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r 
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0.4 


t 


T 
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b 


T 
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c 


t 
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d 


T 
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T 
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t 


1.9 
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T 


t 
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d 


T 
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T 


T 


T 
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a 


g 


b 


ON 
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m 
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NOTE 

t: SAME AS ABOVE 

As shown in Table 1, though some values of the constant 
voltages \ DDi are repeated, the constant voltages V^ is 
adjusted by the step of 0.1 V as described above. See the 
parts enclosed with meshes in Table 1. 

In this way, in a constant voltage generator circuit accord- 
ing to an illustrative embodiment of the invention, as shown 
in FIG. 5, being provided with a load resistor RL, a 
switching element SWO, selection switching circuit 
SW1-SW3, four transistors T1-T4 and a ROM fuse circuit 
14, the switching element SWO and the selection switching 
circuit SW1-SW3 have their output controlled on the basis 
of the external control signals S1-S10. 

For this reason, programming the ROM fuse circuit 14 
enables very fine control of the outputs of the selection 
switching circuit SW1-SW3 as shown in Table 1. That is, by 
connecting the common contact CI and the other contact a, 
b, c and d of the selection switching circuit SW1 selectively 
on the basis of the external control signals S1-S4, connecting 
the common contact C2 and the other contact e, f and g of 
the selection switching circuit SW2 selectively on the basis 
of the external control signals S5-S7,and connecting the 
common contact C3 and the other contact h and i of the 
selection switching circuit SW3 selectively on the basis of 
the external control signals S8 and S9. It is possible to bias 
the back-gates of the transistors T1-T4 with the voltages 
supplied to the contact "a" through "i" — for example, the 
voltages of the source-drain connection points between the 
transistors Tl and T2, T2 and T3, and T3 and T4, and the 
voltage of the power source line V J5 . 

Therefore, it is possible to provide the constant voltage 
y DDl =22V through V^^l^V to which the voltage 
between the power source line V cc and the ground line V^ 
is proportionally allotted by the ON-state resistance depen- 
dent on the thresholds of the transistors T1-T4 and the load 
resister RL connected to the power source line V cc . In this 
operation, the thresholds of the transistors T1-T4 is changed 
through biasing by the step of 0.1 V, which is finer as 
compared with related arts. This is due to the voltages 
selectively supplied to the back-gates BG1-BG4 of the 
transistors T1-T4. 
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Accordingly, an optimal adjustment adapted for the load 
circuit is possible like constant voltages V ODl - shown in 
Table 1, even when the thresholds VTH varies because of 
manufacturing unevenness of the transistors T1-T4. Further, 
the adjustment of a constant voltage V DDi is achieved with 5 
high precision. 

(2) A Preferred Application Circuit of a Constant Voltage 
Generator Circuit 

For example, as shown in FIG. 9, a static random access 
memory (SRAM) for storing 4-bit data which is an example 
of semiconductor memory comprises a constant voltage 
generator circuit 100, an internal power generator 15, an 
address buffer 16, a row decoder 17, a column decoder 18, 
an input buffer 19, a WE buffer 20, a write amplifier 21, a 
bit line load 22, a column transfer 23, a cell array 24, a sense 
amplifier 25, and an output buffer 26 (hereinafter, referred to l * 
as "main parts 16 through 26"). 

That is, the constant voltage generator circuit 100 and the 
internal power generator 15 form an example of a power 
supplying means 13, and SRAM main parts 16 through 26 
form a memory means 12. The constant voltage generator 20 
circuit supplies constant voltage to SRAM main parts 16 
through 26. Here, the constant voltage generator circuit 100 
is characterized in that it comprises a constant voltage 
generator circuit according to an embodiment of the inven- 
tion. 25 

The address buffer 16 inverts and supplies address AO and 
Al to the row decoder 17 and the column decoder 18, 
respectively. The row decoder 17 selects one out of word 
lines WL1 and WL2 of the cell array 23. The column 
decoder 18 gene rates signals for selecting among bit lines 30 
BL1, B12, BL1 and BL2 of the cell array 23. 

The input buffer 19 inverts and supplies a write data DIN 
to the write amplifier 21. The WE buffer 20 inverts and 
supplies write/read enable signal WE to the write amplifier 
21. The write amplifier 21 amplifies a write data DIN 35 
according to the enable signal WE and write it to the cell 
array 23. And, bit line load 22 supplies a constant voltage to 
the bit line BLlx2, BL2x2. 

Th e co lumn transfer 23 selects among bit lines BL1, B12, 
BL1 and BL2. The cell array 24 stores write data DIN. The 40 
sense amplifier 25 amplifies and outputs read data DB and 
DB. The output buffer 26 inverts data DB and outputs them 
outside as output data DOUT. 

The operation of the SRAM will be described below. For 
example in the write operation, when address AO, Al is 45 
specified for write data DIN, the address signal AO is 
inverted and supplied to the row decoder 17 and similarly 
the address Al is inverted and supplied to the column 
decoderl8. Further, either word line WL1 or WL2 of the cell 
array 23 is selected in th e row de coder 17. The selection 50 
among bit lines BL1, B12, BET and BL2 of the cell array 23 
is made by the column decoder 18 and the column transfer 
24. Then, write data DIN is inverted and supplied by the 
input buffer 19 to the write amplifier 21, where it is amplified 
on the basis of the write/read enable signal WE to be written 55 
into the cell of the cell array 23 which is specified by the 
address AO, Al. 

In read operation, when address AO, Al is specified for 
read data DB, the address signals AO and Al are inverted by 
the address buffer 16 to be supplied to the row decoder 17 60 
and column decoder 18, respectively. Also, the row decoder 
17 selects either word line WL1 or WL2 of the cell array 23, 
and the column decoder 18 makes selections among the bit 
lines BL1, BL2, BUT and BL2. Then, read data DB, DB are 
amplified on the basis of the read/write enable signal WE by 65 
the sense amplifier 25 to be output outside from the output 
buffer 26 as an output data DOUT. 
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Thus, as shown in FIG. 8, according to the SRAM which 
utilizes a constant voltage generator circuit according to an 
embodiment of the invention, there are provided a constant 
voltage generator circuit 100, an internal power generator 15 
and SRAM main parts 16 through 26. And a constant voltage 
generator circuit according to an illustrative embodiment of 
the invention is applied to the said constant voltage genera- 
tor circuit 100. 

Therefore, the output voltage of a constant voltage gen- 
erator circuit is, finely adjusted by means of bias control 
based on the external control signals S1-S10 which are 
generated by programming the fuse elements FU of a ROM 
fuse circuit 14. For this reason, an optimal constant voltage 
V D£W is supplied with precision to each transistor circuit of 
minutely-processed low-voltage-driven SRAM, that is, an 
address buffer 16, a row decoder 17, a column decoder 18, 
an input buffer 19, a WE buffer 20, a write amplifier 21, a 
bit line load 22, a column transfer 23, a cell array 24, a sense 
amplifier 25, and an output buffer 26. 

This contributes greatly to an offer of reliable low- 
voltage-driven SRAM because an optimal power source 
voltage is provided for manufacturing unevenness of com- 
ponent transistors of SRAM main parts 16 through 26. 
What is claimed is: 

1. An output voltage generator circuit, comprising; 
a transistor circuit for outputting an output voltage, said 

transistor circuit comprising a plurality of transistors 
connected in series, wherein a source of a first transistor 
of said plurality of transistors is connected to a drain of 
a second, transistor of said plurality of transistors, and 
wherein each of said transistors is connected in a diode 
configuration; and 

adjusting means connected to said transistor circuit, said 
adjusting means for separately adjusting a back-gate 
voltage of each transistor of said plurality of transistors, 
said adjusting means comprising switches connected to 
each of the plurality of transistors to selectively connect 
the backgate of said each transistor with a source of 
said each transistor or with a source of another tran- 
sistor of said plurality of transistors which has a source 
voltage of at least one diode voltage threshold below 
the source of said each transistor, said back-gate volt- 
ages being controlled based upon control signals from 
an external source, 
wherein said transistor circuit outputs an output voltage 
based upon adjustments by said adjusting means. 

2. An output voltage generator circuit as recited in claim 
1, further comprising: 

a load element for dividing a power source voltage with 
said plurality of transistors. 

3. An output voltage generator circuit as recited in claim 
1, further comprising: 

a ROM fuse circuit for generating said control signals. 

4. An output voltage generator circuit according to claim 
2 or 3, wherein said adjusting means comprises: 

(a) a plurality of switching circuits respectively connected 
to said plurality of transistors for supplying bias volt- 
ages individually to back-gates of each of the plurality 
of transistors in said transistor circuit, based upon the 
control signals; and 

(b) a switching element for stopping an operation of a 
transistor in said transistor circuit based upon the 
control signals.. 

5. An output voltage generator circuit according to claim 
2 or 3, wherein a first switching circuit of said adjusting 
means, based upon the control signals, biases a back-gate of 
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the first transistor in said transistor circuit with one voltage 
selected from a group of voltages including 
a source voltage between the first and second serially- 
connected transistors, 
a source voltage hetween the second transistor and third 

transistor of said plurality of transistors, 
a source voltage between the two adjacent transistors of 

said plurality of transistors, and 
a power source voltage. 

6. An output voltage generator circuit according to claim 
2 or 3, wherein a second switching circuit of said adjusting 
means, based upon the control signals, biases a back-gate of 
the second transistor in said transistor circuit with one 
voltage selected from a group of voltages including of 

a source voltage between the second transistor and third 
transistor of said plurality of transistors, 

a source voltage between the third transistor and a fourth 
transistor, 

a source voltage between two adjacent transistors of said 

plurality of transistors, and 
a power source voltage. 

7. An output voltage generator circuit according to claim 
2 or 3, wherein a switching circuit of said adjusting means, 
based upon the control signals, biases a back-gate of one 
transistor of said transistor circuit with a voltage selected 
from a group of voltages including of 

a source voltage between the one transistor and an adja- 
cent transistor, arid . 
a power source voltage. 

8. An output voltage generator circuit according to claim 
3, wherein said control signal is generated by programming 
the fuse elements of said ROM fuse circuit 

9. An output voltage generator circuit according to claim 
2 or 3, wherein said transistor circuit comprising n-type field 
effect transistors. 
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10. A semiconductor memory comprising: 

(a) memory means for storing information; and 

(b) output voltage generating means for supplying voltage 
to said memory means, said output voltage generating 
means including 

a transistor circuit for outputting said output voltage, 
said transistor circuit comprising a plurality of tran- 
sistors connected in series, wherein a source of a first 
I transistor of said plurality of transistors is connected 

to a drain of a second transistor of said plurality of 
transistors, and wherein each of said transistors is 
connected in a diode configuration; and 
adjusting means connected to said transistor circuit, said 
' adjusting meads for separately adjusting a back-gate 
voltage of each transistor of said plurality of transistors, 
said adjusting means comprising switches connected to 
each of the plurality of transistors to selectively connect 
the backgate of said each transistor with a source of 
said each transistor or with a source of another tran- 
sistor of said plurality of transistors which has a source 
voltage of at least one diode voltage threshold below 
the source of said each transistor, said back-gate volt- 
. ages being controlled based upon control signals from 
an external source, 
wherein said transistor circuit outputs an output voltage 
based upon adjustments by said adjusting means. 

11. A semiconductor memory according to claim 10, 
30 wherein said transistor circuit further comprises 

a load element for dividing a power source voltage with 
said plurality of transistors. 

12. A semiconductor memory according to claim 10, 
wherein said output voltage generating means further com- 

35 prises a ROM fuse circuit for generating said control signals. 

***** 
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ABSTRACT 



A circuit for generating one of a plurality of output voltages. 
The circuit includes a first conductor coupled to a first 
supply voltage, a second conductor coupled to a second 
supply voltage, a charge pump having an input and an 
output, a multiplexor, a first regulation circuit, and a second 
regulation circuit. The first regulation circuit is coupled to 
the first input of the multiplexor and the output of the charge 
pump. The- first regulation circuit is for generating a first 
regulation voltage in response to the first supply voltage and 
the output of the charge pump such that the charge pump 
outputs a first output voltage when the first input of the 
multiplexor is coupled to the output of the multiplexor. The 
second regulation circuit is coupled to the second input of 
the multiplexor and the output of the charge pump. The 
second regulation circuit is for generating a second regula- 
tion voltage in response to the second supply voltage and the 
output of the charge pump such that the charge pump outputs 
a second output voltage when the second input of the 
multiplexor is coupled to the output of the multiplexor. The 
multiplexing of the regulation circuitry results in a reduced 
number of components. 
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CHARGE PUMP CIRCUIT FOR PROVIDING 
MULTIPLE OUTPUT VOLTAGES FOR 
FLASH MEMORY 

The present invention relates generally to power man- 5 
agement of integrated circuits and more particularly to the 
power management of nonvolatile memory devices. 

BACKGROUND 

The use of computer systems has grown so pervasive that 1{J 
the power consumed by computer systems has become a 
concern for computer system designers and consumers. To 
reduce the cost of providing power to operate computer 
systems and the corresponding consumption of energy 
resources, the goal of designing a "green PC" that consumes 
less power has been pursued by several manufacturers. 15 
Manufacturers of mobile or "portable", computer systems 
that operate using rechargeable batteries as power supplies 
have also attempted to reduce power consumption so that the 
mobile computer system may be used for extended periods 
of time without recharging the batteries. 20 

To reduce power consumption and to extend battery life, 
much of the integrated circuitry used as components of 
computer systems is being designed to operate at low 
voltage levels. For example, the circuitry and components 
used in portable computers are being designed to operate 25 
exclusively at voltage levels such as five volts and 3.3 volts. 
This reduces power consumption and allows more compo- 
nents to be placed closer to one another in the circuitry. 

Unfortunately, the movement towards reducing the power 
consumption of computer systems may conflict with the 30 
desire to provide after-market upgrades and add-on devices 
for portable computer systems. One type of device that may 
be used to increase the versatility of a portable computer 
system is the flash electrically erasable programmable read 
only memory ("flash EEPROM"). Flash EEPROMs are 35 
nonvolatile memory devices that can be programmed and 
erased by the user, and flash EEPROMS may be used, for , 
example, as BIOS ROMs or as part of a plug-in memory 
card. Flash EEPROMs typically require higher voltages for 
programming and erasing data than can be provided directly 4Q 
by the reduced voltage power supplies of green PCs and 
portable computers. 

One solution for allowing flash EEPROMs to be used in 
reduced voltage computer system designs is to provide 
charge pump circuits external to the flash EEPROMs for 45 
boosting the supply voltage levels of the computer system to 
the higher voltage levels required by the flash EEPROM. A 
difficulty with this solution is that the use of separate charge 
pump circuits requires printed circuit board space that may 
be at a premium in a portable computer system. 50 

An alternative solution is to design flash EEPROMs that 
include charge pump circuits for internally generating the 
higher voltage levels required by the flash EEPROM. One 
difficulty with this solution is that charge pumps internal to 
the flash EEPROM require semiconductor die space, which 55 
may require an increase in the semiconductor die size for the 
flash EEPROM. Another difficulty is that internal charge 
pump circuits may not be able to provide sufficient current 
to program and erase the memory cell array as quickly as 
external charge pumps, and operation of the flash EEPROM 60 
may be slowed. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

Therefore, one object of the present invention is to 65 
provide internal power supplies such that the need for 
external charge pumps reduced. 



Another object of the present invention is to provide 
internal power supply circuits that require a reduced amount 
of semiconductor die space. 

These and other objects of the present invention are 
provided by a circuit for generating one of a plurality of 
output voltages. The circuit includes a first conductor 
coupled to a first supply voltage, a second conductor coupled 
to a second supply voltage, a charge pump having an input 
and an output, a multiplexor, a first regulation circuit, and a 
second regulation circuit. The .first regulation circuit is 
coupled to the first input of the multiplexor and the output 
of the charge pump. The first regulation circuit is for 
generating a first regulation voltage in response to the first 
supply voltage and the output of the charge pump such that 
the charge pump outputs a first output voltage when the first 
input of the multiplexor is coupled to the output of the 
multiplexor. The second regulation circuit is coupled to the 
second input of the multiplexor and the output of the charge 
pump. The second regulation circuit is for generating a 
second regulation voltage in response to the second supply 
voltage and the output of the charge pump such that the 
charge pump outputs a second output voltage when the 
second input of the multiplexor is coupled to the output of 
the multiplexor. The multiplexing of the regulation circuitry 
results in a reduced number of components. 

Other objects, features, and advantages of the present 
invention will be apparent from the accompanying drawings 
and from the detailed description which follows below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example 
and not limitation in the figures of the accompanying 
drawings, in which like references indicate similar elements, 
and in which; 

FIG. 1 shows a computer system that includes one or 
more components having novel circuitry. 

FIG. 2 shows a flash EEPROM that includes novel 
circuitry. 

FIGS. 3A and 3B show smart voltage circuitry of the flash 
EEPROM according to different embodiments. 

FIG. 4 shows a latch mode VCC detector. 

FIG. 5 shows the behavior of the latch mode VCC 
detector, 

FIG. 6 shows a continuous mode VCC detector. 
FIG. 7 shows the behavior of the continuous mode VCC 
detector. 

FIG. 8 shows a VCC detector capable of operating in both 
the latch mode and the continuous mode. 

FIG. 9 shows a drain bias control circuit for the VCC 
detector in more detail. 

FIG. 10 shows a clocked voltage detector circuit 

FIG. 11 shows one 5/12 v VPP level detector circuit 

FIG 12 shows a second 5/12 v VPP level detector circuit. 

FIGS. 13 A and 13B show internal power supplies accord- 
ing to different embodiments. 

FIG. 14 shows an internal power supply as including 
regulation circuitry and a charge pump. 

FIG. 15 shows a charge pump in more detail. 

FIG. 16 shows clock signals that may be provided to the 
charge pump of FIG. 15. 

FIG 17 shows the internal power supplies wherein three 
charge pump circuits share the same charge pump. 
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FIG. 18 shows the internal power supplies wherein four 
charge pump circuits share the same charge pump. 

FIG. 19 shows the regulation circuitry of a stand-by 
charge pump. 

FIG. 20 shows the output of the pulse generator and the 
corresponding current consumption of a charge pump 
enabled in response to a pulse generated by the pulse 
generator. 

FIG. 21 shows the pulse generator circuit in more detail. 

FIG. 22 shows an oscillator of the pulse generator circuit 
that uses subthreshold biasing. 

FIG. 23A and 23B are flow charts illustrating a method of 
operation for the flash EEPROM 20 that includes the smart 
voltage circuitry shown in FIG. 3A. 

FIG. 24A and 24B are flow charts illustrating a method of 
operation for the flash EEPROM 20 that includes the smart 
voltage circuitry shown in FIG. 3B. 

DETAILED DESCRIPTION 

FIG. 1 shows a general purpose computer system 10 that 
includes a power supply 11, a central processing unit 
("CPU") 12, a main memory 13, a read only memory 14, a 
mass storage device 15, a frame buffer 16, and an input 
device 17, all of which are coupled to a bus 19. The bus 19 
includes a data bus and acts as a primary interconnect for the 
components of the computer system 10 so that data may be 
transferred among the various components. The computer 
system 10 also includes a display device 18 that is coupled 
to the frame buffer 16 for receiving image data for display. 
The read only memory 14 may be a flash EEPROM, and the 
mass storage device may be a "solid state disk drive" that 
includes a plurality of flash EEPROMs for emulating the 
operation of a magnetic hard disk drive. 

The computer system 10 may be a portable computer, a 
workstation, a minicomputer, a programmable digital assis- 
tant ("PDA"), a mainframe, or any other type of computer, 
and the power requirements of the computer system 10 are 
defined accordingly. For example, if the computer system 10 
is a workstation, the system operating voltage VCC may be 
5.0 volts, wherein if the computer system 10 is a portable 
computer operating from a rechargeable battery, the system 
operating voltage VCC may be 3.3 volts. It may also be 
possible that the computer system 10 is a portable computer 
system that provides different operating voltage levels 
depending on whether power is supplied by the rechargeable 
battery or by an AC adapter. 

The power supply 11 therefore includes a VCC supply 
output for supplying the operating voltage VCC of the 
computer system 10 to the components of the computer 
system via power conductors of the bus 19. Wherein the 
computer system 10 is a portable computer, the power 
supply 11 may be a rechargeable battery. The power supply 
11 may also include a VPP supply output for supplying a 
twelve volt programming voltage VPP to the read only 
memory 14 or the mass storage device 15. If the power 
supply 11 docs not include a separate VPP supply output, the 
VPP input of flash EEPROMs included in the computer 
system 10 may be coupled to receive the VCC operating 
voltage. 

The flash EEPROMs of the computer system 10 includes 
circuitry that allows the flash EEPROMs to operate when 
VCC is equal to 3.3 volts or 5.0 volts and VPP is equal to 
5.0 volts or 12.0 volts. Each flash EEPROM therefore 
includes circuitry for detecting the supply voltages supplied 
by the power supply 11, wherein each flash EEPROM 
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configures itself for operation in response to the detected 
voltages. Not all the flash EEPROMs of the computer 
system 10 need to include such circuitry. 

FIG. 2 shows a flash EEPROM that includes circuitry for 
detecting system supply voltages. The flash EEPROM 20 is 
an integrated circuit that may be formed on a single semi- 
conductor substrate and that typically includes a memory 
cell array 21 comprising a plurality of flash memory cells 22, 
each of which is a floating gate transistor device having a 
select gate, a floating gate, a drain, and a source. The flash 
memory cells 22 of the memory cell array 21 are arranged 
in a matrix of rows and columns, wherein a common 
"wordline" is coupled to the select gate of each flash 
memory cell of a row and a common "bitline" is coupled to 
the drain of each flash memory cell of a column. 

A flash memory cell 22 is programmed by placing excess 
charge on the floating gate, which increases the threshold 
voltage V, of the flash memory cell 22. The flash memory 
cell 22 may be placed in two or more analog states that can 
be represented by one or more bits. Programming may be 
accomplished by applying 12.0 volts to the gate, 6.0 volts to 
the drain, and grounding the source such that electrons are 
placed on the floating gate by hot electron injection. The 
flash memory cell 22 is erased by removing the excess 
charge from the floating gate, and erasure may be accom- 
plished by applying 12.0 volts to the source, grounding the 
gate, and allowing the drain to float such that electrons are 
removed from the floating gate via electron tunneling. It is 
possible to erase several flash memory cells simultaneously, 
and the operation of erasing several flash memory cells 
simultaneously is known as a "block erase." 

To determine whether the flash memory cell 22 is in the 
erased state or in a programmed state, a constant voltage is 
applied to the select gate of the flash memory cell to sense 
the amount of drain-source current 1^ for the flash memory 
cell 22. Such a read operation may be accomplished by 
applying 5.0 volts to the gate, grounding the source, and 
applying 1 .0 volt to the drain. To perform read, program, and 
erase operations on a selected set of flash memory cells, the 
flash EEPROM 20 includes wordline switches and decoders 
23, source switches and decoders 24, and bitline switches 
and decoders 25, all of which are controlled by the control 
engine 26 to select the desired flash memory cells and to 
apply the appropriate voltages to the selected flash memory 
cells. The smart voltage circuitry 27 is coupled to the VCC 
and VPP input pins of the flash EEPROM 20 and is used to 
supply the required voltages to the wordline switches and 
decoders 23, the source switches and decoders 24, and the 
bitline switches and decoders 25 in response to the detected 
supply levels and the mode of operation for the flash 
EEPROM 20. 

The smart voltage circuitry 27 includes internal power 
supplies (shown in FIGS. 3A and 3B) that may be selected 
to supply the necessary voltages for operating the flash 
EEPROM if the external supply levels are determined to be 
less than the required values for prograrnrning, erasing, or 
reading the memory cell array 21. For example, an internal 
power supply may be enabled to supply a 5.0 volt output if 
the external operating supply voltage VCC is detected to be 
at 3.3 volts, but if the external operating supply voltage VCC 
is detected to be at 5.0 volts, the internal power supply is 
disabled and the external operating supply voltage VCC is 
delivered to the memory cell array 21. Similarly, an internal 
power supply may be enabled during programming and 
erase operations to supply a 12.0 volt output if the external 
prograrnrning supply voltage VPP is detected to be at 5.0 
volts, but if the external programming supply voltage VPP 
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is detected to be at 12.0 volts the internal power supply is 
disabled and the external programming supply voltage VPP 
is delivered to the memory cell array. 

The smart voltage circuitry 27 thus allows the same flash 
EEPROM 20 to be used in computer systems that operate at 5 
either high or low voltages. Wherein printed circuit board 
space is at a premium, the system designer can use the 
internal power supplies of the flash EEPROM 20 to provide 
the voltages required for programming and erasing, and an 
external charge pump circuit is not required. Alternatively, 10 
wherein memory performance is at a premium, the system 
designer can use a power supply or external charge pump 
circuit to provide the programming and erase voltages. 

The smart voltage circuitry 27 may find application for 
many different types of integrated circuits and more partial- 15 
larly memory devices. For example, the smart voltage 
circuitry described herein may be used in dynamic random 
access memories (DRAMs), erasable programmable read 
only memories (EPROMs), and electrically erasable pro- 
grammable read only memories (E 2 PROMs). The smart 
voltage circuitry 27 may also be used to detect and select the 
voltages for the different modules of a multi-chip module. 
Hie internal power supplies may be provided as one module, 
and the voltage detection and selection circuitry may be 
provided as a second module. The voltage detection and 
selection circuitry can be used to detect the external power 
supply voltages and selectively enable the appropriate out- 
puts of the internal power supplies, if necessary. 

The flash EEPROM 20 has three modes of operation, 3Q 
including an active mode, a stand-by mode, and a deep 
power down mode. The stand-by and deep power down 
modes are both reduced power modes. To define the mode 
of operation of the flash EEPROM 20, the_control engine 26 
receives the control signals chip enable CE, o utput enable 35 
OE, write enable WE, and power down PWD. Chip enable 
signal CE is the power control and is used for device 
selection of the flash EEPROM 20. The output enable signal 
OE is the output control for flash EEPROM 20 and is used 
to gate data from the output pins from flash EEPROM 20, ^ 
dependent on device selection. Both of the control signals 
CE and OE must be at a logic low level to obtain data at the 
outputs of flash EEPROM 20. The write enable signal 
WE allows writes to control engine 26 while the chip enable 
signal CE is active low. Addresses and data are latched on 45 
the rising edge of the write enable signal WE. 

The flash EEPROM 20 is in the active mode of operation 
whe n both control signals CE and UE are at a logic low level 
and PWD is at a logic high level. Whe n both the chip enable 
signal CE and the power down signal PWD are logic high, 50 
the flash EE PROM 20 enters the stand-by mode. The power 
down signal PWD causes the flash EEPROM 20 to enter the 
deep power down mode when the power down signal 
PWD is at a logic low level. 

For the active mode of operation, the flash EEPROM 20 55 
may draw sufficient power from the power supply 11 to 
perform read, program, and erase operations. For the stand- 
by mode of operation, the flash EEPROM 20 is prevented 
from performing any operations on the memory cell array 
21, and the amount of power that the flash EEPROM 20 may 60 
consume is reduced. For the deep power down mode of 
operation, all memory cell array operations are disabled and 
the amount of power that the flash EEPROM 20 may 
consume is less than that of the stand-by mode. For example, 
the flash EEPROM 20 may consume 100 microamperes of 65 
current while in the stand-by mode and only two microam- 
peres of current while in the deep power down mode. For 



prior flash EEPROMs that do not include internal power 
supplies, the deep power down mode results in the disabling 
of all the circuits of the flash EEPROM. 

When the flash EEPROM 20 transitions from either the 
stand-by mode or the deep power down mode to the active 
mode, it is desirable for the flash memory cell array 21 be 
ready to perform for read operations, which means that the 
wordline switches 23 should be charged to 5.0 volts. If the 
detected external supply voltage VCC is 5.0 volts, the 
wordline switches may be maintained at 5.0 volts by the 
external supply voltage VCC during the stand-by and deep 
power down modes through the use of a simple pull-up 
device, which may be a transistor or a resistor. If the detected 
external supply voltage is VCC 3.3 volts, an internal power 
supply may be used to charge the wordline switches 23 to 
5.0 volts. 

If the external supply voltage VCC is equal to 3.3 volts 
and the internal power supplies are only enabled to charge 
wordline switches 23 when the flash EEPROM 20 operates 
in the active mode, the access time for the flash EEPROM 
20 is increased when the flash EEPROM transitions from the 
stand-by or deep power down modes to the active mode to 
allow the wordline switches 23 to be charged to the appro- 
priate voltage. The wordline switches 23 are discharged due 
to leakage, and, given sufficient amount of time, the word- 
lines switches 23 may be discharged to the value of the 
external supply voltage VCC. Further, wherein the memory 
cell array 21 is quite large, the capacitance of the wordline 
switches 23 is increased, which may result in significant 
voltage and current transients internal to the flash EEPROM 
20 when the flash EEPROM 20 transitions between operat- 
ing modes. Such transients must be accounted for, which 
typically results in a further increase in access time. There- 
fore, to decrease the amount of time required to access the 
flash EEPROM 20 and to reduce internal transients, it may 
be desirable for the appropriate internal power supply to 
remain in operation during the stand-by and deep power 
down modes; however, the design of the smart voltage 
circuitry may be constrained by the power consumption 
requirements of the flash EEPROM and by the amount of 
semiconductor die space that can be provided for the smart 
voltage circuitry. 

FIGS. 3A and 3B show the smart voltage circuitry 27 
according to two different embodiments. FIG. 3A shows an 
example of the smart voltage circuitry 27a wherein the 
wordline switches 23 are maintained at 5.0 volts by the 
internal power supplies while the flash EEPROM 20 is 
operating in both the stand-by and deep power down modes. 
The smart voltage circuitry 27a of FIG. 3A results in a 
greatly reduced access time, but may require more die space. 
FIG. 3B shows an example of the smart voltage circuitry 27b 
wherein the wordline switches 23 are maintained at 5.0 volts 
by the internal power supplies during the stand-by mode, but 
are maintained at the external supply voltage VCC during 
the deep power down mode. The smart voltage circuitry 27b 
of FIG. 3B typically requires less die space than the circuitry 
of FIG. 3A, but access time may be increased. 

FIG. 3A shows smart voltage circuitry 27a that includes 
a VCC ramp detector 30, a 3.3 v/5 v VCC level detector 35, 
a low VCC detector 40, a current source 45, a pulse 
generator 50, a 5 v/12 v VPP level detector 55, and internal 
power supplies 60a. The operation of the internal power 
supplies 60a is determined by the mode of operation for 
flash EEPROM 20, the external operating supply voltage 
VCC, and the external programming supply voltage VPP as 
detected by the VCC ramp detector 30, the 3.3 v/5 v VCC 
level detector 35, and the 5 v/12 v VPP level detector 55. The 
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program and erase operations are inhibited if a low external 
supply voltage VCC level is detected by the low VCC level 
detector 40 while the flash EEPROM 20 is in the active 
mode of operation. The current source 45 and the pulse 
generator 50 are included to conditionally and periodically 5 
enable the internal power supplies 60a for charging the 
wordline switches 23 to 5.0 volts while the flash EEPROM 
operates in cither the stand-by or deep power down operat- 
ing modes. The wordline switches 23 are thus maintained at 
the requisite voltage level, but the internal power supplies 10 
are only periodically activated such that the power consump- 
tion of the flash EEPROM 20 may be maintained within the 
limits defined for the standby and deep power down modes 
of operation. This circuitry is described in more detail below. 

The internal power supplies 60a include three output 15 
lines. The HH5PX output line may be coupled to the 
wordline switches 23 for read operations. The HHVPLL 
output line may be coupled to the bitline switches 25 for 
programming operations. The HHVP12 output line may be 
coupled to the wordline switches 23 for prograrnming opera- 20 
tions and to the source switches 24 for erase operations. 

FIG. 3B shows smart voltage circuitry 21b that typically 
requires less semiconductor die space than the circuitry 
shown in FIG. 3A. Smart voltage circuitry 276 includes 
VCC ramp detector 30, 3.3 v/5 v VCC level detector 35, a 25 
low VCC detector 40, 5 v/12 v VPP level detector 55, and 
internal power supplies 60b, which include a stand-by 
five- volt internal supply (shown in FIG. 13B) that is used to 
charge the wordline switches 23 to 5.0 volts if the external 
supply voltage VCC is not 5.0 volts, and if the flash 30 
EEPROM 20 is operating in the stand-by mode. The stand- 
by five-volt internal supply is smaller than the five-volt 
internal supply used during read operations such that power 
consumption may be maintained within the limits of the 
stand-by operating mode. The wordline switches 23 are 35 
charged to the external supply voltage VCC during deep 
power down mode, regardless of whether or not external 
VCC is equal to 5.0 volts. As shown, the same circuitry that 
is used as a VCC ramp detector 30 may be used as a low 
VCC detector 40 to further reduce the amount of semicon- 40 
ductor die space required for the smart voltage circuitry 27b. 

The basic operation of the smart voltage circuitry 27a 
shown in FIG. 3A will now be discussed. The VCC ramp 
detector 30 is provided to enable the internal power supplies 45 
60a and to initialize the 3.3 v/5 v VCC level detector 35, the 
current source 45, and the pulse generator 50 when power is 
first applied to the flash EEPROM 20. The precise operation 
of VCC ramp detector 30 depends on the mode of operation 
for the flash EEPROM 20 when power is first applied. 5Q 

FIG. 23A shows a method of operation for the smart 
voltage circuitry 27a shown in FIG. 3A when the flash 
EEPROM 20 is operating in the deep power down or 
stand-by modes. At process block 2400, power is first 
supplied to the flash EEPROM 20. At process block 2405, 55 
the VCC ramp detector 30 responds to power-up by enabling 
the internal power supplies 60a to charge the wordline 
switches 23, by initializing the 3.3 v/5 v VCC level detector 
35 to indicate a 3.3 volt external VCC, and by initializing the 
current source 45 and the pulse generator 50. 60 

The VCC ramp detector 30 outputs a control signal 
HDRMVCD to the 3.3 V/5 V VCC level detector 35, the 
current source 45, the pulse generator 50, and the internal 
power supplies 60a. When the operating supply voltage 
VCC is less than a trip-point voltage V,^, of the VCC ramp 65 
detector 30, the signal HDRMVCD tracks the external 
supply voltage VCC as it ramps from zero volts to its final 
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value, and the appropriate circuitry is enabled or disabled. 

At process block 2410, the supply voltage exceeds the 
trip-point voltage \ trip , which may be 2.7 volts or 2.9 volts, 
and the control signal HDRMVCD goes low. The VCC ramp 
detector 30 is switched off to reduce the power consumption 
of smart voltage circuitry 27a. In response to the control 
signal HDRMVCD going low, the 3.3 v/5 v VCC level 
detector 35 and the internal power supplies 60a are disabled, 
and the pulse generator 50 is enabled. The pulse generator 50 
periodically supplies a logic high control pulse to the 
internal power supplies 60a and the 3.3 v/5 v VCC level 
detector 35 via the HDOUT signal line. The current source 
45 is included to provide biasing currents PBIAS and 
NBIAS to the oscillators (as shown in FIG. 22) of the pulse 
generator 50. 

At process block 2415, a control pulse is received by the 
internal power supplies 60a and the 3.3 v/5 v VCC level 
detector 35. The internal power supplies 60a are enabled for 
the duration of each control pulse so that the voltage of the 
wordline switches 23 may be maintained at 5.0 volts. The 
3.3 v/5 v VCC level detector 35, which is coupled to receive 
the external supply voltage VCC, is also enabled for the 
duration of the control pulse. According to one embodiment, 
a six microsecond pulse is applied once every three milli- 
seconds. 

The 3.3 v/5 v VCC level detector 35 outputs a control 
signal ID5V to indicate the detected value of the external 
supply voltage VCC. As described above, the control signal 
ID5V is initialized during power-up of the flash EEPROM 
20 to a logic low level for indicating that external VCC is not 
five volts. If the external supply voltage VCC is greater than 
a trip-point voltage V 3/3 for the 3.3 v/5 v VCC level detector 
35 while the 3.3 v/5 v VCC level detector 35 enabled, the 
ID5V signal is set to a logic high level. 

At process block 2420, if the external supply voltage VCC 
is detected as not being equal to five volts, the internal power 
supplies 60a are allowed to charge the wordline switches 23 
at process block 2425. If the external supply voltage VCC is 
equal to five volts, the 3.3 v/5 v VCC level detector 35 sets 
control signal ID5V logic high, which disables the internal 
power supplies 60a and enables external VCC to charge the 
wordline switches 23 at process block 2430. The high value 
of the control signal ID5V is latched. The current control 
pulse ends at process block 2435. Process blocks 2415-2435 
are repeated for each control pulse received from the pulse 
generator 50. If external VCC was detected as being at five 
volts during a previous control pulse, and external VCC is 
detected as being 3.3 volts during the current control pulse, 
the internal charge pumps are enabled at process block 2425. 
The process shown in FIG. 23A may be repeated each time 
the flash EEPROM 20 is powered up in the stand-by or deep 
power dowD modes. 

FIG. 23B shows a method of operation for the smart 
voltage circuitry 27a shown in FIG. 3A when the flash 
EEPROM 20 is operating in the active mode. At process 
block 2450, power is initially supplied to the flash EEPROM 
20. At process block 2455, wherein external VCC is less 
than the trip-point voltage \ trip of the VCC ramp detector 
30, the internal power supplies 60a are enabled to charge the 
wordline switches 23, the 3.3 v/5 v VCC level detector 35 
is initialized to indicate a 3.3 volt external VCC, the current 
source 45 and the pulse generator 50 are initialized, and the 
low VCC detector 40 and the 5 v/1 2 v VPP level detector 55 
are enabled. 
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The low VCC detector 40 monitors the VCC supply 
voltage to detect when the operating supply voltage VCC 
drops below a trip-point voltage of the low VCC 
detector 40. The low VCC detector 40 provides the control 
signals PDPWR2 and PHLOWVCC to the control engine 5 
26. If VCC drops below the trip-point voltage V^, the low 
VCC detector 40 sets the control signal PHLOWVCC to a 
logic high level such that the control engine 26 prevents 
programming and erase operations for the memory cell array 
21 . The low VCC detector 40 simultaneously sets the control 
signal PDPYVR2 to a high level to reset the control engine 
26. The low VCC detector 32 may be designed in accor- 
dance with the teachings of U.S. Pat. No. 5,301,161 , entitled 
Circuitry for Power Supply Voltage Detection and System 
Lockout for a Nonvolatile Memory, issued of Marc Landgraf 
et al., and commonly assigned to Intel Corporation of Santa 15 
Clara, Calif. Alternatively, as will be described with respect 
to FIG. 3B, the VCC ramp detector 30 can be configured to 
operate as the low VCC detector after power-up of the flash 
EEPROM 20. 

The 5 v/12 v VPP level detector 55 is coupled to the 2 <> 
programming supply voltage VPP for determining whether 
VPP is 5.0 volts or 12.0 volts. The 5 v/12 v VPP level 
detector 55 outputs a control signal PD5VPP to the internal 
power supplies 60a and the control engine 26. The control 
signal PD5VPP is initially high to indicate a five volt VPP 25 
level. The internal power supplies 60 use the control signal 
PD5VPP to select either the external VPP or the internal 
supplies during programming and erase operations. The 
control engine 26 may use the control signal PD5VPP to . 
select the appropriate programming and erase algorithms. ^ 
The 5 v/12 v VPP level detector 55 may be disabled during 
stand-by and deep power down to further reduce the power 
consumption of the smart voltage circuitry 27a. 

Returning to FIG. 23B, at process block 2460, external 
VCC exceeds the trip-point voltage V trip . All circuits remain 35 
enabled, and the pulse generated by the pulse generator is 
locked out. The remaining process blocks of FIG. 23B may 
occur in a different order than shown, depending on the type 
of access requested while the flash EEPROM 20 is in the 
active mode. 

40 

The 3.3 v/5 v VCC level detector 35 remains enabled after 
the external voltage VCC exceeds the trip-point voltage V trip 
of the VCC ramp detector. If the 3.3 v/5 v VCC level 
detector 35 continues to indicate that external VCC is not 
equal to five volts at process block 2465, the internal 45 
supplies 60a are selected to charge the wordline switches 23 
to five volts at process block 2470. If the 3.3 v/5 v VCC level 
detector 35 indicates that external VCC is equal to five volts 
at process block 2465, the external supply voltage VCC is 
selected to charge the wordline switches 23 to five volts at 5Q 
process block 2475. 

At process block 2480, it is determined if the external 
supply voltage VPP is equal to twelve volts. If external VPP 
is not twelve volts, the internal power supplies 60a are 
selected to provide the programming and erase voltages at 55 
process block 2485. If external VPP is twelve volts, the 
external supply voltage VPP is selected to provide the 
voltages for program and erase operations at process block 
2490. The process ends at process block 2495. The process 
of FIG. 23B may be repeated each time the flash EEPROM 6 o 
20 is powered up in the active mode. . . 

The operation of the smart voltage circuitry 21b shown in 
FIG. 3B is now discussed with reference to FIGS. 24A-24B. 
FIG. 24A shows the operation of the smart voltage 27ft when 
the flash EEPROM 20 is powered up while operating in the 65 
deep power down mode. Power is supplied at process block 
2500. At process block 2505, the 3.3 v/5 v VCC level 
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detector is initialized to indicate a 3.3 volt external VCC. 
When external VCC is greater than the trip-point voltage 
V trip of the VCC ramp detector 30 at process block 2510, the 
3.3 v/5 v VCC level detector is disabled. The wordline 
switches 23 are charged to the external VCC level. The 
process ends at process block 2515. 

FIG. 24B shows a method of operation for the smart 
voltage circuitry 21b shown in FIG. 3B when the flash 
EEPROM 20 is operating in the stand-by mode. At process 
block 2520, power is first supplied to the flash EEPROM 20. 
At process block 2525, the VCC ramp detector 30 responds 
to power-up by enabling an internal five-volt power supply 
(shown in FIG. 13B) to charge the wordline switches 23 and 
initializing the 3.3 v/5 v VCC level detector 35 to indicate 
a 3.3 volt external VCC. 

At process block 2530, the supply voltage exceeds the 
trip-point voltage V lTip . The internal five-volt power supply 
is disabled, and the internal stand-by power supply is 
enabled. The 3.3 v/5 v VCC level detector 35 remains 
enabled. The 3.3 v/5 v VCC level detector 35 continuously 
monitors external VCC at process block 2535 If external 
VCC is equal to 5.0 volts, the 3.3 v/5 v VCC level detector 
35 sets the control signal ID5V logic high, which disables 
the internal stand-by power supply such that the wordline 
switches are charged by the external supply voltage VCC. 
The operation of the smart voltage circuitry 21b when 
powered up in the active mode is similar to that shown in 
FIG. 23B. 

The smart voltage circuitry 27 of the flash EEPROM 20 
allows the same flash EEPROM 20 to be used in computer 
systems that provide different operating and programming 
voltages. The smart voltage circuitry 27 may be adapted to 
detect and select different supply voltages than those 
described above; however, the goals of compatibility and 
versatility should be weighed against the need for low power 
consumption and the desire for increased density for the 
memory cell array 21. Accordingly, each component of 
smart voltage circuitry 27 should be designed to consume 
reduced power and to require reduced die space. Some of the 
components of the smart voltage circuitry 27 will now be 
discussed in greater detail. 
VCC RAMP DETECTOR 

The VCC ramp detector 30 will now be discussed in more 
detail. FIG. 4 shows a latch mode VCC ramp detector 30 that 
is capable of being in either an "untripped state," wherein 
the externally provided operating supply voltage VCC is less 
than the trip-point voltage V trip > or a "tripped state," wherein 
the external supply voltage VCC is greater than the trip- 
point voltage V trip . The VCC ramp detector 30 shown in 
FIG. 4 is said to be a "latch mode" VCC ramp detector 
because it is disabled once it enters the tripped state. Little 
or no current is consumed by the latch mode VCC ramp 
detector 30 while it is in the tripped state. For one embodi- 
ment of the flash EEPROM 20, the latch mode VCC ramp 
detector 30 is designed to operate only at initial power up of 
the flash EEPROM 20. The VCC ramp detector of FIG. 4 
may be used in the smart voltage circuitry 27a of FIG. 3A. 

The VCC ramp detector 30 is shown as including a flash 
cell 65, an n-channel field effect transistor ("FET") 70 
having its source coupled to the drain of the flash cell 65, a 
p-channel FET 75 having its drain coupled to the drain of 
FET 70 and its source coupled to external VCC, and an 
output circuit 85 having its input connected to the node 80 
defined by the drain of FET 70 and the drain of FET 75. The 
output circuit 85 may include a first inverter 86 having its 
input connected to node 80 and its output coupled to the 
input of a second inverter 87, which outputs the control 
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signal HDRMVCD. The output of inverter 86 may be fed 
back to the gate of FET 75. The inverters 86 and 87 arc 
powered by the input voltage, which, for this example, is the 
external supply voltage VCC. The latch mode VCC ramp 
detector 30 also includes a start-up circuit 90 for initially 5 
biasing the node 80 and a drain bias control circuit 100 for 
providing a biasing voltage VDBIAS to FET 70. 

The flash cell 65 is primarily used as a transistor rather 
than as a memory element. Because the threshold voltage of 
the flash cell 65 can be varied, the trip-point voltage W trip of 10 
the latch mode VCC ramp detector 30 may be varied by 
programming the flash cell to different V, levels. The flash 
cell 65 may alternatively be any type of nonvolatile memory 
cell, including an EPROM or EEPROM memory cell. 
Wherein a standard FET may be used in place of the flash 15 
cell 65, the flash cell 65 is advantageous because it may be 
programmed to account for process variations. 

When the computer system 10 is initially switched on, the 
external supply voltage VCC begins to ramp from zero volts 
to the final VCC value, which may be either 3.3 volts or 5.0 20 
volts. The start-up circuit 90 is coupled to VCC for initially 
biasing the node 80 so that the output circuit 85 ramps up 
with the external supply voltage VCC. For example, the 
start-up circuit 90 may be configured to output the external 
VCC until VCC has reached a predetermined voltage level 25 
such as 1.5 volts, which causes the output of inverter 86 to 
go to system ground VSS. The start-up circuit 90 is then 
switched off and node 80 continues to be pulled up towards 
the external supply voltage VCC by FET 75, which is 
switched on in response to the output of the inverter 86 30 
going to system ground VSS. The control signal HDRM- 
VCD output by the output circuit 85 tracks voltage at node 
80. The latch mode VCC ramp detector 30 enters the 
untripped state when FET 75 is switched on. 

FET 70 is a device that biases the drain of flash cell 65 so 35 
that flash cell 65 is prevented from being accidentally 
programmed. The drain bias control circuit 100 supplies the 
bias voltage VDBIAS to the gate of FET 70 to bias FET 70 
such that the drain of flash cell 65 docs not exceed 1.5 volts. 
Wherein another type of nonvolatile memory cell is used in 40 
place of the flash cell 65, FET 70 may not be required. 

As shown, the external operating supply voltage VCC is 
applied to the gate of flash cell 65, which is programmed to 
have a threshold voltage V, that sets the trip-point voltage 
V trip of the latch mode VCC ramp detector circuit 30 to the 45 
desired value. According to one embodiment, the trip-point 
voltage V lrip is equal to 2.9 volts. Typically, the threshold 
voltage V, of the flash cell is programmed such that the 
voltage at node 80 is detected as a logic low when the 
external supply voltage exceeds the trip-point voltage V,^. 50 
Because the flash cell 65 is programmable, process varia- 
tions in the devices of the latch mode VCC ramp detector 30 
may be accounted for by programming the V, of flash cell 
65. Flash cell 65 may be programmed by applying the 
appropriate voltages to flash cell, as shown in FIG. 2. 55 

When the gate-to-source voltage V gs of the flash cell 65, 
which is equal to VCC-VSS, exceeds the threshold voltage 
Vr of the flash cell 65, the flash cell 65 turns on such that a 
drain-source current 1^ flows through the flash cell 65, 
pulling the node 80 down towards system ground VSS. 60 
When the voltage at node 80 is pulled sufficiently low, the 
inverter 86 outputs the current value of the external supply 
voltage VCC, which switches FET 75 off so that no DC 
current flows from VCC to ground. The control signal 
HDRMVCD is set to system ground VSS. The latch mode 65 
VCC ramp detector 30 enters the tripped state when the FET 
75 is switched off, and the latch mode VCC ramp detector 
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30 will not return to the untripped state until external VCC 
goes to zero or the VCC ramp detector 30 is reset by external 
logic. 

FIG. 5 shows waveforms that describe the operation of the 
VCC ramp detector shown in FIG. 4. Waveform 91 shows 
the behavior of the external operating supply voltage VCC; 
waveform 92 shows the voltage of the node 80; waveform 
93 shows the voltage at node 88, which is defined between 
inverters 86 and 87; and waveform 94 shows the voltage at 
the output of the VCC ramp detector 30. As shown, the 
output of the output circuit 85 tracks the external supply 
voltage VCC until VCC reaches the trip-point voltage V tr1pi 
at which time the output of output circuit 85 is pulled down 
to system ground VSS. The output circuit 85 may alterna- 
tively include only the inverter 86 such that the output signal 
HDRMVCD is shown by waveform 93. 

The VCC ramp detector shown in FIG. 4 may be altered 
to act as a general purpose voltage detector that continuously 
monitors the value of the externally provided operating 
supply voltage VCC. A VCC ramp detector that operates in 
this manner is' called a "continuous mode" voltage detector. 
A continuous mode voltage detector may freely pass 
between the tripped and untripped states in response to the 
input voltage. 

FIG. 6 shows a continuous mode voltage detector 96. The 
continuous mode voltage detector 96, like the latch mode 
VCC ramp detector, includes flash cell 65, FET 70, FET 75, 
output circuit 85, and drain bias control circuit 100. The 
start-up circuit 45 is not required because a bias signal 
VCBIAS is applied to the gate of the p-channel FET 75 by 
the current bias circuit 95 so that the node 80 is pulled 
towards the supply voltage VCC via the drain-source current 
of FET 75. To reduce the current consumed by the continu- 
ous mode VCC ramp detector, the bias signal VCBIAS 
supplied by the current bias circuit 95 biases FET 75 to be 
a weak pull-up device. The bias signal VCBIAS is such that 
the current sourced by FET 75 is independent from the value 
of the external operating supply voltage VCC. 

The control signal HDRMVCD supplied by the output 
circuit 85 tracks the voltage of node 80. When the external 
supply voltage VCC is less than the threshold voltage V, of 
the flash cell 65, the voltage at node 80 ramps up with the 
external supply voltage VCC. When the external supply 
voltage VCC exceeds the threshold voltage V, of the flash 
cell 65, the flash cell 65 is switched on such that the voltage 
at node 80 is pulled towards ground and the output circuit 85 
sets the control signal HDRMVCD to a logic low level. 
Should the external supply voltage VCC drop below the 
threshold voltage of the flash cell 65, the continuous mode 
VCC ramp detector 30 reenters the untripped state, and 
HDRMVCD is set to the present level of the external supply 
voltage VCC. The continuous mode VCC ramp detector 
may therefore be used as a low VCC detector. 

FIG. 7 shows waveforms that describe the behavior of the 
continuous mqde voltage detector. Waveform 101 shows the 
behavior of the external operating supply voltage VCC; 
waveform 102 shows the voltage at node 80 in response to 
the supply voltage VCC; waveform 103 shows the voltage 
at node 88; and waveform 104 shows the signal HDRMVCD 
output by the continuous mode VCC ramp detector 30. 
Waveforms 102 and 104 show that the continuous mode 
voltage detector 96 detects when the operating supply volt- 
age VCC falls below the trip point voltage V trip so that the 
voltage detector may be used as a low VCC detector circuit 
or as VCC or VPP level detector circuit. Hie output circuit 
85 may alternatively include only the inverter 86 such that 
the output signal HDRMVCD is shown by waveform 103. 



5,483,486 



13 



14 



FIG. 8 shows a switchable mode voltage detector 109 that 
can operate in the latch mode and the continuous mode. 
According to one embodiment, the switchable mode voltage 
detector 109 operates as the latch mode VCC ramp detector 
30 at power-up and in the deep power down mode. The 5 
switchable mode voltage detector 109 operates in the con- 
tinuous mode as the low VCC detector 40 after power-up 
while the flash EEPROM 20 operates in the stand-by and 
active modes. The switchable mode voltage detector 109 
includes flash cell 65, FET 70, FET 75, output circuit 85, 
start-up circuit 90, current bias circuit 95, drain bias circuit 
100, p-channel FET 105, and feedback control circuit 110. 
The p-channel FET 105 has its drain coupled to the source 
of FET 75, its source coupled to the operating supply voltage 
VCC, and its gate coupled in a feedback configuration with 
the output circuit 85 via feedback control circuit 110. 15 

When the flash EEPROM is initially powered-up, the 
feedback control circuit 110 couples the output of the 
inverter 86 (as shown in FIG. 6) to the gate of FET 105, and 
the start-up circuit 90 biases node 80 so that the output of 
inverter 86 goes low, switching FET 105 on. The switchable 20 
mode voltage detector 109 therefore initially operates in the 
latch mode. Once the value of the operating supply voltage 
VCC exceeds the threshold voltage V, of flash cell 65, the 
VCC ramp detector 30 is placed in the tripped state where 
it remains until the flash EEPROM enters the stand-by or 25 
active modes. When the flash EEPROM 20 enters the 
stand-by or active modes, the feedback control circuit 
decouples the output of the output circuit 85 from the gate 
of the FET 105 and instead supplies a biasing voltage to the 
gate of FET 105 so that FET 105 is switched on. The VCC 30 
ramp detector 30 is therefore in the continuous mode and 
may be configured to act as the low VCC detector 40. 

As described above, the flash EEPROM 20 is capable of 
operating in the stand-by and deep power down modes, as 
well as in the active mode. For the stand-by and deep power 35 
down modes, it is important to reduce the power consump- 
tion of the continuous mode and switchable mode voltage 
detectors so that the overall power consumption of the flash 
EEPROM 20 remains within defined limits. One way to 
reduce power consumption during the stand-by mode is to 
bias FET 75 to act as a weak pull-up device having a high 
impedance such that current flow is reduced. For the deep 
power down mode, the power consumption of the continu- 
ous mode voltage detector 96 can be reduced to zero by 
switching off FET 75. The switchable mode voltage detector 45 
109 may switch off both FET 75 and FET 105 during the 
deep power down mode to reduce power consumption. 

FIG. 9 shows a drain bias control circuit in more detail. As 
shown, the biasing voltage VDBIAS Is derived from the 
operating supply voltage VCC to control the drain voltage 50 
V drum at tne ^ n °f me ce ^ **5. The drain voltage 
V drain °f me A asn cell 65 may be expressed by the following 
equation: 



V^VDBIAS-Vm, 
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wherein V, 70 is the threshold voltage of FET 70. The biasing 
voltage VDBIAS is equal to VCC minus any diode drops 
associated with diode connected FETs 115 and 120 that may 
be inserted between the operating supply voltage VCC and 60 
the output of the drain bias control circuit 100. 

According to one embodiment, the value of VDBIAS is 
selected such that the maximum drain voltage V draln is less 
than 1.5 volts, regardless of the value of the trip-point 
voltage \ lr1p . Once flash cell 65 switches on, which occurs 65 
when the external supply voltage VCC exceeds the trip- 
point voltage of the VCC ramp detector 30, the drain voltage 



V dram is pulled to ground. Therefore, the maximum drain 
voltage occurs when VCC is equal to the trip-point voltage 
\ trip . As the trip-point voltage increases, more diode-con- 
nected FETs may be connected in series as shown in FIG. 9 
to reduce the value of VDBIAS such that the drain voltage 
V drain does not exceed the predefined maximum drain 
voltage. 

FIG. 10 shows a continuous mode clocked voltage detec- 
tor circuit 121 that operates similarly to the voltage detector 
circuits shown in FIGS. 4, 6, and 8. The clocked voltage 
detector circuit 121 may be altered to be operate in both the 
continuous mode and the latch mode as shown in FIG. 8. 
The design of the clocked voltage detector circuit 121 
reflects the fact that supply voltage levels typically do not 
change that rapidly. Therefore, the clocked voltage detector 
circuit 121 is designed to detect the values of both the 
operating supply voltage VCC and the programming supply 
voltage VPP at different times. The clocked voltage detector 
circuit 121 includes flash cells 125 and 130, one of which is 
selected by the multiplexor 135 to define the trip-point 
voltage V trip of the clocked voltage detector circuit 121 in 
response to the control signal CTL, which may be provided 
by the control engine 26. The threshold voltage of flash cell 
125 may be programmed such that the clocked voltage 
detector circuit 121 operates as the 3 v/5 v VCC level 
detector when flash cell 125 is selected. Similarly, the 
threshold voltage of flash cell 130 may be programmed such 
that the clocked voltage detector circuit 121 operates as the 
5 v/12 v VPP level detector when flash cell 130 is selected. 
More flash cells' may be added so that the clocked voltage 
detector may also operate as the VCC ramp detector circuit 
and the low VCC level detector circuit. The power supply of 
the NAND' gate 145 may be multiplexed to be either VCC 
or VPP. 

A switch circuit 140 is coupled to the external supply 
voltages VCC and VPP. The switch circuit 140 may include 
a resistive divider circuit (not shown) to reduce the external 
programming supply voltage VPP to a lower level. The 
control signal CTL selects one of the supply voltages to be 
provided to the gates of the flash cells 125 and 130. The 
clocked voltage .detector circuit 121 is clocked by a CLK 
signal. For the output circuit 85, the clocked voltage detector 
121 includes a two-input NAND gate 145 having one input 
coupled to node 80 and the other input coupled to the CLK 
signal. When the CLK signal is low, the output of the NAND 
gate 145 is logic high. When the CLK signal goes high, the 
output of the NAND gate 145 is determined by the voltage 
at node 80. If the selected supply voltage is greater than the 
threshold voltage of the selected flash cell, the voltage at 
node 80 is set to system ground VSS and the NAND gate 
145 outputs a logic high voltage. Otherwise, the voltage at 
node 80 is high such that the NAND gate 145 outputs a logic 
low voltage. One or more latches (not shown) may be 
coupled to the output of the clocked voltage detector circuit 
and controlled by the CLK and CTL circuits to latch the 
output of the clocked voltage detector circuit 121 at the 
appropriate times. These latched values may be provided to 
the control engine 26. 
5 V/12 V VPP DETECTOR 

The 5 v/12 v VPP level detector 55 detects whether the 
programming supply voltage VPP is equal to 5 volts or 12 
volts. FIG. 11 shows the 5 v/12 v VPP level detector 55 
according to one embodiment. The 5 v/12 v VPP level 
detector ..55 includes p-channel FETs 150-153 and 155, 
n-channel FETs 170 and 175, resistor 160, and inverter 165. 
The source of FET 150 is coupled to the external supply 
voltage VPP, and the drain of FET 150 is coupled to the 
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source of FET 151. The drain of FET 151 is coupled to the 
source of FET 152, which has its drain coupled to the source 
of FET 153. The drain of FET 153 is coupled to system 
ground VSS. Each of the FETs 150-153 have their gates 
coupled to their drains. 

The voltage at the node between the drain of FET 150 and 
the source of FET 151 is coupled to the gate of FET 155. The 
source of FET 155 is coupled to the external programming 
supply voltage VPP, and the drain of FET 155 is coupled to 
a node 157. The resistor 160 is coupled between node 157 
and system ground VSS. The inverter 165 has its input 
coupled to the node 157 for detecting the voltage at node 
157. The inverter 165 is powered on the low side by system 
ground VSS and on the high side by the voltage at node 167, 
which is determined by the n-channel FETs 170 and 175. 

The gate and drain of FET 170 are coupled to the 
programming supply voltage VPP, and the gate and drain of 
FET 175 are coupled to the external operating supply 
voltage VCC. The n-channel FET 175 is shown as a "K 
device" that has a low threshold voltage and that can operate 20 
. at high voltages. The FETs 170 and 175 are provided to 
better ensure correct operation of the 5 v/12 v VPP level 
detector 55 for the case wherein the operating supply voltage 
VCC is greater than the programming supply voltage VPP. 

Hie operation of the circuit shown in FIG. 11 will now be 25 
discussed with respect to the time when power is first 
supplied to the flash EEPROM 20, at which time the external 
programming supply voltage VPP is equal to zero volts and 
begins to ramp towards its final value, which may be 5.0 
volts or 12 volts. Initially, the voltage at node 157 is at 30 
system ground VSS, and the inverter 165 sets the control 
signal PD5VPP at a logic high level. As the programming 
supply voltage VPP increases, the amount of drain-source 
current for FET 155 increases, and node 157 begins to be 
pulled up towards the final value of VPP. If external VPP is 35 
sufficiently high, FET 155 acts as a strong pull-up device 
that overcomes the pull-down resistor 160. The inverter 165 
sets the control signal PD5VPP at a logic low level if the 
voltage at node 157 is detected to be at a logic high level, 
indicating that the external programming supply voltage 40 
VPP is 12 volts. 

Wherein the circuit shown in FIG. 11 is sufficient for 
detecting the value of the programming supply voltage VPP, 
improvements may be made. For example, if the operating 
supply voltage VCC is greater than the programming supply 
voltage VPP, the circuit shown in FIG. 11 draws a constant 
DC current. Further, the resistor 160 occupies a relatively 
large amount of semiconductor die space, which may affect 
the density of the memory cell array 21. 

FIG. 12 shows the 5 v/12 v VPP level detector 55 
according to a second embodiment To reduce the amount of 
semiconductor die space required for the 5 v/12 v VPP level 
detector 55, the resistor 160 has been replaced with n-chan- 
nel transistors 185 and 190, which present an active load to 
the drain of FET 155. The 5 v/12 v VPP level detector of 55 
FIG. 12 is shown as including p-channel FETs 150-153, 
155, 180, 200, and 215; n-channel FETs 185, 190, 195, 205, 
and 210; and inverters 220 and 225. 

The FETs 150-153 are coupled as described above with 
respect to FIG. 11, and the gate of FET 155 is coupled to 
receive the voltage from the node 156 defined between the 
drain of FET 150 and the source of FET 151. The source of 
FET 155 is coupled to the prograniming supply voltage VPP, 
and the drain of FET 155 is coupled to the drain of FET 185, 
which is a K device. FET 185 is provided to isolate FET 190 
from the high voltages that may arise at node 191, and FET 
185 may not be required if the voltage detector circuit shown 
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in FIG. 12 is used to detect lower voltages, which may occur 
if the circuit were adapted to be a 3.3 v/5 v VCC level 
detector. The gate of FET 185 is coupled to receive the 
voltage from the node 157 defined between the drain of FET 
151 and the source of FET 152, and the source of FET 185 
is coupled to the drain of FET 190. FET 190 has its source 
coupled to system ground VSS and its gate coupled to the 
node 158 defined between the drain of FET 152 and the 
source of FET 153. 

A node 191 is defined between the drain of FET 155 and 
the drain of 185. The voltage at node 191 drives the gates of 
p-channel FET 200 and n-channel FET 205, which are 
coupled to operate as an inverter. The source of FET 200 is 
coupled to the operating supply voltage VCC, and the drain 
of FET 200 is coupled to the drain of FET 205. The node 192 
defined between the drain of FET 200 and the drain of FET 
205 determines the value of the control signal PD5VPP 
output by the 5 v/12 v VPP level detector 55. The inverter 
220 has its input coupled to node 192 and its output coupled 
to the input of inverter 225, which outputs the control signal 
PD5VPP. The FET 215 has its gate coupled to the program- 
ming supply voltage VPP, its source coupled to the operating 
supply voltage VCC, and its drain coupled to the node 192. 
FET 195 has its gate coupled to node 158 and its source 
coupled to the drain of FET 210, which has its source 
coupled to system ground VSS and its gate coupled to the 
programming supply voltage VPP. FET 195 is selected to 
have the same characteristics as FET 190. 

FETs 150-153 may be identical devices each having a 
channel width of five microns and a channel length of twenty 
microns. FETs 150-153 act as a voltage divider and provide 
voltages to the gates of. FETs 155 and 190 such that the 
absolute value of the gate-to-source voltages V GS for both 
FET 155 and FET 190 are equal. For example, the gate 
voltage for FET 155 is equal to three-fourths VPP such that 
V GS155 is equal to negative one-fourth VPP, and the gate 
voltage for FET 190 is equal to one-fourth VPP such that 
V G si9o is equal to one-fourth VPP. FETs 190 and 195 are 
also identical devices having a channel width of two microns 
and a channel length of thirty microns. FET 155 may 
actually be four identical FETs coupled in parallel, each 
having a channel width of five microns and a channel length 
of twenty microns. Example threshold voltages for FETs 
155, 185, 190, and 195 are 1.5 volts for FET 155, 0.2 volts 
for FET 185, and 1.0 volt for FETs 190 and 195. 

FET 155 essentially acts as a pull-up device for node 191, 
and FET 190 essentially acts as a pull-down device for node 
191. The trip-point voltage V 5/l2 for the 5 v/12 v VPP level 
detector 55 occurs when the voltage at node 191 is approxi- 
mately equal to one-half VCC. When node 191 is charged to 
the trip-point voltage V 5/12 , both FETs 155 and 190 are 
saturated, and the gate-source voltages and the drain-source 
currents of FETs 155 and 190 are approximately equal. The 
trip-point voltage V 3/12 may approximated using the follow- 
ing equation: 
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wherein c is a constant determined by the common gate- 
source voltage applied to FETs 155 and 190; V-n 5S is the 
threshold voltage for FET 155; V n90 is the threshold 
voltage for FET 190; P 155 is the beta value for FET 155; and 
P190 iS the beta value for FET 190, For the circuit shown 
in FIG. 12, c is equal to four. 
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The beta values for FETs 155 and 190 may be expressed 
by the following equations: 



Pl55 = *135- 



and 



Pl90=*I90 
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wherein w 155 is the channel width for FET 155, 1 153 is the 
channel length for FET 155, w 190 is the channel width for 
FET 190, and 1 190 is the channel length for FET 190. The 
trip-point voltage V V12 may be set by varying the threshold 
voltages and beta values of the bi£L$ 155 and 190, and by 
changing the gate-source voltage applied to FETs 155 and 
190. 

A number of the devices shown in FIG. 12 are provided 
to protect against the occurrence of certain conditions for the 
circuit. For example, it is undesirable for node 192 to float 
at an intermediate voltage because inverter 220 may respond 
to such an intermediate voltage by drawing DC current. 
Thus, FETs 215 and 180 are provided to better ensure that 
node 192 is set at either a high or a low logic level. FET 215 
sets node 192 to VCC if VPP is less than VCC by the 25 
threshold voltage of FET 215. FET 180 is provided to set 
node 156 to VPP when the supply voltage VPP is at a 
relatively low voltage. This results in the gate source voltage 
of FETs 190 and 195 being set to one-third VPP such that 
FETs 190 and 195 are switched on earlier. Node 191 is 
therefore set to system ground, and node 192 is set to VCC. 
FET 180 thus guards against the case wherein VCC and VPP 
are approximately the same voltage such that FET 215 docs 
not switch on. When VPP is increased, FET 180 is essen- 
tially an open circuit such that all current flows through the 
voltaged divider circuit and node 156 is set to three-fourths 
VPP. 

During normal operation, once the programming supply 
voltage VPP has increased enough such that the voltage at 
node 158 exceeds the threshold voltage of FET 190 and 195, 
FETs 190 and 195 are switched on. As described above, the 
FETs 190 and 195 are matched such that they have the same 
threshold voltage. Node 193 is no longer floating, and FET 
185 is switched on. When first switched on, FETs 190 and 
185 are operating in the linear region and appear as a low 
resistance load to FET 155, and the voltage at node 191 is 45 
pulled down to system ground VSS. As VPP continues to 
increase, the gate-source voltage of FET 185 increases, the 
drain-source current of FET 155 increases, and the equiva- 
lent resistance presented to the source of FET 155 by the 
FETs 185 and 190 increases. 

If the programming supply voltage VPP rises beyond 5.0 
volts, the trip-point voltage of the 5 v/12 v VPP level 
detector 55 is approached. When the programming supply 
voltage VPP is equal to the trip-point voltage V 5/12 of the 5 
v/12 v VPP level detector 55, the equivalent resistance of the 
FETs 185 and 190 and the drain-source current of the FET 55 
155 have increased such that the node 191 begins to be 
pulled up to the programming supply voltage VPP. When the 
voltage at node 191 is greater than the threshold voltage of 
FET 205, the voltage at node 192 pulled down to system 
ground VSS, which causes the control signal PD5VPP to be 60 
set at a logic low level. 

The equivalent resistance of the FETs 185 and 190 is very 
high, much higher than the resistance that typically can be 
achieved with a resistor using the same amount of semicon- 
ductor die space. As the resistance presented by FETs 185 65 
and 190 is higher than the resistance of the resistor 160 used 
in the circuit of FIG. 11, the amount of current required by 
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the circuit of FIG. 12 is reduced when compared to the 
current consumption of the circuit of FIG. 11. The gain of the 
circuit is increased such that voltage at node 192 can swing 
between VSS and VPP much more quickly than the circuit 
shown in FIG. 11. 
Internal power supplies 

FIG. 13a and 13fc show the internal power supplies 60 
according to different embodiments. The internal power 
supplies 60a shown in FIG. 13A may be those for the smart 
voltage circuitry 27a shown in FIG. 3A. The internal power 
supplies 60b shown in FIG. 13B may be those for the smart 
voltage circuitry 27 b shown in FIG. 3B. 

As shown in FIG. 13A, the internal power supplies 60a 
may generally include a five volt internal supply 240, a nine 
volt internal supply 245, and a twelve volt internal supply 
250. The internal supplies 240-250 may be enabled to 
generate the higher voltages required to perform operations 
on the memory cell array if the external supply voltage 
levels are too low. The 5 v internal supply 240 is shown as 
being coupled to receive the control pulse from the pulse 
generator via the HDOUT signal line so that the wordline 
switches 23 may be charged to the correct voltage while the 
flash EEPROM 20 is operating in the stand-by or deep 
power down modes. 

Also included are a plurality of switches 255-280 that are 
controlled by the control logic 230 to select either the supply 
voltages or the outputs of the appropriate internal power 
supplies in response to the detected voltages, the operating 
mode of the flash EEPROM 20, and the particular operation 
to be performed. A switch is provided on each side of an 
internal supply such that the internal supply may be isolated 
from the remaining circuitry when the internal supply is not 
selected to provide power to the memory cell array 21. For 
example, switch 270 is opened and switch 255 selects the 
external VCC supply pin when external VCC is equal to five 
volts. Similarly, switches 275 and 280 are open, and 
switches 260 and 265 select the external VPP supply pin 
when external VPP is equal to twelve volts. FIG. 13A shows 
a case wherein external VCC is 3.3 volts, and external VPP 
is five volts. The use of switches in this manner reduces the 
amount of current consumed by the internal power supplies 
60. 

The control logic 230 receives the control signals ID5V 
and.PDSVPP for detecting the values of the operating supply 
voltage VCC and the programming supply voltage VPP. The 
control logic 230 is coupled to receive the control signals 
CE and PWD for detecting the mode of operation of the flash 
EEPROM 20. The control logic 230 is also coupled to 
receive the control signal HDOUT output by the pulse 
generator 50. When the flash EEPROM is in the stand-by or 
deep power down modes, the five volt internal supply 240 is 
periodically switched on in response to the control signal 
HDOUT output by the pulse generator 50. 

Referring now to FIG. 13B, the internal power supplies 
60b may generally include a stand-by five volt internal 
supply 235, a five volt internal supply 240, a nine volt 
internal supply 245, and a twelve volt internal supply 250. 
Also included are a plurality of switches 255-285 that are 
controlled by the control logic 230 to select either the supply 
voltages or the outputs of the appropriate internal power 
supplies in response to the detected voltages, the operating 
mode of the flash EEPROM 20, and the particular operation 
to be performed. A switch 285 is provided between the 
external VCC supply pin and the stand-by internal supply 
235. 
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The control logic 230 receives the control signals ID5V 
and PD5VPP for detecting the values of the operating supply 
voltage VCC and the programming supply voltage VPP. The 
control logic 230 is coupled to receive the control signals 
CE and PWD for detecting the mode of operation of the flash 5 
EEPROM 20. When the flash EEPROM is in the stand-by 
mode, the stand-by five volt internal supply 235 is enabled 
to charge the wordline switches to five volts if external VCC 
is 3.3 volts. 

Wherein the internal power supplies 60a and 60b shown 
in FIGS. 13A and 13B are sufficient, four separate internal 
supply circuits require large amounts of semiconductor die 
space. FIG. 14 shows a general internal supply circuit 310 
that includes regulation circuitry 315 and a bootstrap charge 
pump 320. The charge pump 320 is a typically two-stage or 
a three-stage circuit, but may alternatively include as many 15 
stages as required to provide the desired output voltage. 

As shown, the regulation circuit 315 includes a voltage 
reference circuit 316, a divider circuit 317 and a voltage- 
controlled oscillator ("VCO") 318. Hie voltage reference 
316 is coupled to the input voltage V in , which may be the 20 
operating supply voltage VCC or the programming supply 
voltage VPP. The voltage reference 316 uses the input 
voltage V fn to generate a reference voltage V re/ that is 
supplied to the positive terminal of VCO 318. The negative 
terminal of VCO 318 is coupled to the output of the internal 2 s 
supply 310 via the divider circuit 317. The VCO 318 
compares the reference voltage V„.^ to the output of the 
divider circuit 317 and outputs a regulation signal REG to 
the charge pump 320. 

FIG. 15 shows a charge pump 320 in more detail. Charge 
pump 320 is shown as a three-stage charge pump that 
includes an oscillator 323 coupled to receive the regulation 
signal REG, a first phase (PHI) clock driver circuit 325, a 
second phase (PH2) clock driver circuit 330, and a boost 
circuit 332. The PHI and PH2 clock driver circuits are 
coupled to receive a clock signal output by oscillator 323 in 35 
response to the regulation signal REG, wherein the PHI and 
PH2 clock driver circuits supply different phases of the clock 
signal to the boost circuit 332. The boost circuit 332 
generally comprises the switches and capacitors necessary to 
boost the input voltage to the desired output voltage. The 40 
charging and discharging of the capacitors is controlled by 
the PHI and PH2 clock driver circuits. An SBREG signal 
input is provided between the oscillator 323 and the clock 
drivers 325 and 330 for receiving a clock signal directly 
from the stand-by regulation circuitry described in FIG. 19. 45 
For alternative embodiments, each of the regulation circuits 
may include their own clock driver circuits that are multi- 
plexed to control the boost circuit 332. 

The boost circuit 332 includes a number of stages of 
n-channel FETs 340, 360, 380, and 395 connected in series 
between the input supply V in and the output terminal V ool . 50 
The FETs 340, 360, and 380 are used to switch current from 
one stage to the next and are therefore called "switching 
FETs." The two-stage bootstrap charge pump 320 also 
includes FETs 335, 355, and 375, which are used to control 
the operation of the switching FETs and are therefore called 55 
"control FETs." All of the FETfc may be a type of n-channel 
FET referred to as an "S type device." S type devices are 
n-channel FETfc having a very low threshold voltage level. 
The use and manufacture of S type devices are described in 
detail in U.S. Pat Nos. 4,052,229; 4,096,584; 4,103,189; 60 
and 5,057,715. 

The clock phase PHI is provided to the three-stage 
bootstrap charge pump 320 via capacitors 345, 370, and 385. 
Switching FETs 340 and 380 and control FET 355 are 
switched on and off in response to the PHI clock signal. The 65 
clock phase PH2 is provided to the boost circuit 332 via 
capacitors 350, 365, and 390. Switching FET 360 and 



control FETs 335 and 375 are switched on and off in 
response to the PH2 clock signal. The switching FET 395 
has its gate coupled to its drain such that it is typically 
switched on at all times. 

Referring to FIG. 16, the two clock phases PHI and PH2 
do not overlap, and the PH2 clock signal is shown as being 
initially high. When the PH2 clock signal is high, switching 
FET 360 and control FETs 335 and 375 are all switched on. 
Initially, the drain and gate of the switching FET 360 are at 
the same voltage. Because the PHI clock signal is low, the 
control FET 355 joining the drain of the switching FET 360 
to the gate of switching FET 360 is switched off, and current 
flows through the switching FET 360. This current transfers 
charge from the capacitor 350 to the capacitor 370, reducing 
the drain voltage of the FET 360 such that the switching FET 
360 switches completely on, increasing the current furnished 
to the next stage. 

As the voltages at the drain and source of the switching 
FET 360 begin to equalize, the voltage at the gate of the 
control FET 355 is raised so the control FET 355 is nearly 
on. When the PH2 clock signal goes low, the control FET 
355 turns on, and the switching FET 360 begins to turn off. 
Simultaneously, the control FETs 335 and 375 are turned off 
such that the gate of FET 340 is isolated from the drain of 
FET 340, and the gate of FET 380 is isolated from the drain 
of FET 380. When the PHI clock signal goes high, the 
control FET 355 switches completely on, equalizing the 
voltages at the gate and drain of the switching FET 360. 
Switching FETs 340 and 380 are switched on response to the 
PHI clock signal going high. 

The switching FETs 340 and 380 function similarly to the 
switching FET 360 to transfer charge to the capacitors 350 
and 390, respectively. Thus, when the PHI clock signal goes 
high, the switching FET 340 is switched on and current 
provided by the input supply V in charges the capacitor 350. 
Similarly, the switching FET 380 switches on and current 
provided by the capacitor 370 charges the capacitor 390. The 
capacitor 350 tends to be charged to twice the input supply 
voltage V^, wherein the capacitor 370 tends to be charged 
to three times the input supply voltage V,„, and the capacitor 
390 tends to be charged to four times the input supply 
voltage V, rt . The boost capacitor voltages are provided by the 
PHI and PH2 clock signals, which operate to charge the 
capacitors further. For example, the capacitor 370 is charged 
to twice V ta by the capacitor 350 and to three times V^ by 
the PHI clock pulse. The maximum output voltage V out of 
the charge pump 320 is thus approximately equal to the four 
time the input supply voltage \ in less the threshold voltage 
of the output FET 395. The output voltage \ out can be 
controlled by varying the pulse widths of the clock signals. 

The capacitors of the boost circuit 332 and the oscillator 
323 typically require large amounts of semiconductor die 
area, and each internal supply of FIG. 13 includes its own 
charge pump having an oscillator and boost circuit Sub- 
stantially identical circuitry may be used for each charge 
pump because the circuitry of. the charge pump can typically 
be used for any input supply voltage V^. Therefore, to 
reduce the semiconductor die space required for the internal 
power supplies 60, the same charge pump can be used for 
multiple internal power supplies, wherein the appropriate 
regulation circuitry is multiplexed to control the output 
voltage of the common charge pump 320. 

FIG. 17 shows the internal power supplies 60 wherein a 
common charge pump 320a is shared by the stand-by five 
volt internal supply, the five volt internal supply, and the 
nine volt internal supply. The twelve volt internal supply is 
shown as including a separate charge pump 320fc. A multi- 
plexor 416 has a first input coupled to the output of the five 
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volt regulation circuitry 405 and a second input coupled to 
the output of the nine volt regulation circuitry 410. The 
output of the multiplexor 416 is coupled to the input of the 
oscillator for the charge pump 320a. A separate switch 418 
is provided between the stand-by regulation circuitry 400 
and the clock drivers of the charge pump 320a such that the 
oscillator of the charge pump 3202? is bypassed when the 
charge pump 320a is used as part of the stand-by five volt 
internal supply 235. 

The control logic 230 is coupled to control the multi- 
plexor 416 and the switch 418, and the control logic 230 
determines which of the stand-by regulation circuitry 400, 
the five volt regulation circuitry 405, and the nine volt 
regulation circuitry is coupled to the charge pump circuit 
320a in response to the operating mode of the flash 
EEPROM 20 and the current operation being performed on 
the memory cell array 21. The switches 255-285 are oper- 
ated as discussed above. Switch 419 is provided to supply 
either external VCC or VPP to the charge pump 320a 
Charge pump 320£> is supplied with external VPP. 

Further reduction of the size of the internal power sup- 
plies 60 may be achieved by recognizing that a large charge 
pump is not required to supply twelve volts during program- 
ming. Thus, as shown in FIG. 18, a small twelve-volt 
programming charge pump 416 may be used during pro- 
gramming operations, such that a single charge pump circuit 
320 may be shared to generate the five volt read voltage, the 
nine volt program voltage, and the twelve volt erase voltage. 
This reduces the overall size of the internal power supply 
circuits. An additional switch 417 is provided between the 
output of the program charge pump 416 and HHVP12. For 
this embodiment, the multiplexor includes a third input 
coupled to the output of the twelve volt regulation circuitry 
415. 

Stand-by Regulation Circuitry 

FIG. 19 shows stand-by regulation circuitry 400 for 
controlling the five volt charge pump during stand-by and 
deep power down modes. As described above with respect 
of FIG. 3B, if the operating supply voltage VCC is 3.3 volts 40 
and the flash EEPROM 20 is in the stand-by operating 
modes, the stand-by five-volt internal supply is enabled to 
maintain the voltage of the wordline switches at 5 volts. 

The stand-by regulation circuitry 400 includes a transcon- 
ductance operational amplifier 420, proportional voltage 45 
generator 430, a voltage reference 435, and a current con- 
trolled oscillator 425. The operational amplifier 420 outputs 
a current l out that is proportional to the difference in voltages 
detected at the positive and negative input terminals. The 
current controlled oscillator outputs the SBREG signal in 50 
response to the current I OUI , and SBREG is drives the clock 
drivers of the charge pump 320. 

The positive input terminal of op-amp 420 is coupled to 
the output of the voltage reference circuit 435, which may be 
manufactured according to the teachings of U.S. Pat. No. 55 
5,339,272, entitled Precision Voltage Reference, issued of 
Kerry Tedrow et al., and commonly assigned to Intel Cor- 
poration of Santa Clara, Calif. The negative input terminal 
of op-amp 420 is coupled to the output of a proportional 
voltage generator 430 having its input coupled to the output 60 
of the charge pump 320, which is coupled to the wordline 
switches 23. The op-amp 420 compares the voltages at its 
terminals and outputs a current l out in response to the 
comparison, and the current controlled oscillator 425 varies 
the frequency of SBREG in response to the amount of 65 
current l out received from the operational amplifier 420. 
The Pulse Generator 
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As described above with respect to FIG. 3A, the internal 
power supplies 60a of smart voltage circuitry 27a are 
periodically enabled to charge the wordline switches 23 to 
five volts when the flash EEPROM 20 is not in the active 
mode and external VCC is 3.3 volts. FIG. 20 shows the 
output of the pulse generator 50 as a function of time. As 
described above, the five-volt internal power supply is 
enabled for a single pulse of duration t p once every i fotal 
seconds. A current l chaTie is consumed by the five volt 
internal supply for the duration of a pulse, after which the 
current I cWe falls to zero. The amount of current l charse 
consumed at any given pulse is determined by the amount of 
charging required to charge the wordline switches 23 back 
up to 5.0 volts. The time t tolat is chosen in view of the RC 
time constant for thewordline switches 23, the maximum 
allowable voltage drorAm the wordline switches 23, and a 
worst case leakage current for the memory cell array 21. The 
time ^ is chosen in view of the RC time constant for the 
wordline switches 23 and the amount of current that the 
five-volt internal power supply can source. The pulse gen- 
erator is designed to supply a pulse having the duration tp 
once every X lotat seconds. 

Because the pulse generator 50 is designed to operate 
when the flash EEPROM 20 is in either the stand-by or deep 
power down modes of operation, the pulse generator 50 
should consume as little current as possible so that the power 
consumption of the flash EEPROM 20 does not exceed the 
maximum power consumption for the stand-by and deep 
power down modes. FIG. 21 shows the pulse generator 50 
in block diagram form. The pulse generator 50 generally 
includes a low frequency oscillator circuit 450 and a high 
frequency oscillator circuit 455. Both the low frequency 
oscillator circuit 450 and the high frequency oscillator 
circuit 455 are coupled to receive the biasing signals PBIAS 
and NBIAS from the current source circuit 45. For one 
embodiment, PBIAS and NBIAS each provide 40 nanoam- 
peres of current; 

The high frequency oscillator 455 is coupled to receive 
the output signal of the low frequency oscillator circuit 450. 
The high frequency oscillator 455 is also feedback con- 
nected to its own output such that the high frequency 
oscillator 455 outputs a pulse having the duration of one-half 
the period for the high frequency oscillator 455 once every 
period for the low frequency oscillator 450. For example, 
wherein the period of the low frequency oscillator 450 is 
equal to three milliseconds and the period of the high 
frequency oscillator 455 is equal to twelve microseconds, 
the high frequency oscillator 455 outputs a pulse having a 
six microsecond duration once every three milliseconds. 

FIG. 22 shows the low frequency oscillator circuit 450 in 
more detail. The low frequency oscillator circuit 450 is 
shown as a ring oscillator circuit comprising an odd number 
of inverters 460-510 coupled in a feedback configuration. 
Specifically, inverters 460-510 are coupled in series, and the 
output of inverter 510 is fed back as the input of inverter 
460. There may be more or less inverters, depending on the 
desired frequency of oscillation. 

The output of the low frequency oscillator circuit 450 is 
the output of the inverter 485. The positive rail of each 
inverter is coupled to the operating supply voltage VCC via 
a corresponding pair of p-channel FETs 515 and 520. The 
gate of each FET 515 is coupled to receive the PBIAS signal, 
which biases the FET 515 to act as weak pull-up devices. 
Thus, the positive rails of the inverters are charged slowly 
and require little current. The FETs 520 act as c as code 
devices that isolate the positive rails of the inverters from the 
operating supply voltage VCC when the voltage at the gate 
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of the FET 520 is logic high. Each of the FETs 520 is 
controlled independently of the other FETs 520. Generally, 
the gates of the FETs 520 are controlled by the output of the 
inverter that is one more than one-half the total number of 
inverters down the chain from the output of the correspond- 5 
ing inverter. For example, the FET 520 coupled to the 
inverter 460 has its gate voltage controlled by the output of 
inverter 490, wherein the FET 520 coupled to the inverter 
465 has its gate voltage controlled by the output of inverter 
495. io 

The negative rails of the inverters 460-510 are similarly 
coupled to system ground VSS via n-channel FETs 525 and 
530. The gates of FETs 525 are all coupled to the NBIAS 
signal such that the FETs 525 operate as weak pull-down 
devices. Each of the FETs 530 is controlled independently of 15 
the other FETs 530. Generally, the gates of the FETs 530 are 
controlled by the output of the inverter that is one more than 
one-half the total number of inverters down the chain from 
the output of the corresponding inverter. For example, the 
FET 530 coupled to the inverter 460 has its gate voltage 20 
controlled by the output of inverter 490, wherein the FET 
530 coupled to the inverter 465 has its gate voltage con- 
trolled by the output of inverter 495. 

One advantage of biasing the pull-up and pull-down 
devices (FETs 515 and 525) of the oscillators to be in the 25 
subthreshold region is that the frequency of the oscillators 
tends to increase with temperature. This should be con- 
trasted with pull-up and pull-down devices that are biased to 
operate in the saturated region, wherein the frequency of the 
oscillator tends to decrease with temperature. The leakage 30 
current of the wordline switches 23 also tends to increase 
with temperature, and the increased frequency of the oscil- 
lators allows the wordline switches 23 to be maintained at 
approximately five volts. 

The cascode devices 520 and 530 coupled to the rails of 35 
each inverter help to ensure that no conduction path is 
provided between VCC and VSS. Wherein it is possible that 
the p-channel and n-channel FETs (not shown) of the 
inverters may be switched on simultaneously for a short 
period of time when the inverter transitions from one state 40 
to another, the cascode devices 520 and 530 effectively 
eliminate any conduction path between VCC and VSS 
because either VCC or VSS is decoupled from the inverter. 
It is also possible for the cascode devices 520 and 530 to be 
switched on simultaneously when the output of the control- 45 
ling inverter transitions from one state to another; however, 
the inverter for which the FETs 520 and 530 act as cascode 
devices is in the steady state such that no conduction path 
between VCC and VSS arises. 

The period of a ring oscillator is equal to the twice the 50 
product of the total number of inverters and the propagation 
delay for an inverter. For one embodiment, the low fre- 
quency oscillator '450 is selected to have a period of three 
milliseconds. 

Returning to FIG. 21, the output of the low frequency 55 
oscillator 450 is provided to enable the high frequency 
oscillator 455. The high frequency oscillator 455 may be a 
ring oscillator similar to that shown in FIG. 22, wherein the 
period is defined to be much smaller than that of the low 
frequency oscillator 455. The period of the high frequency 60 
oscillator 455 may be, for example, twelve microseconds. 
The high frequency oscillator 455 is enabled to begin 
operation when the output of the low frequency oscillator 
450 goes high. The output of the high frequency oscillator 
455 is fed back to the input of the high frequency oscillator 65 
455 so that the high frequency oscillator 455 may be 
disabled when the output of the high frequency oscillator 



,486 

24 

455 goes low. In this manner, a single pulse having a 
duration of half the period of the small period oscillator is 
generated at the once every large period. 

In the foregoing specification the invention has been 
described with reference to specific exemplary embodiments 
thereof. It will, however, be evident that various modifica- 
tions and changes may be made thereto without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative rather than 
restrictive sense. 

What is claimed is: 

1. A circuit for generating one of a plurality of output 
voltages, comprising: 

a first conductor co.upled to a first supply voltage; 

a second conductor coupled to a second supply voltage; 

a charge pump having an input and an output; 

a multiplexor having a first input, a second input, and an 
output coupled to the input of the charge pump, the 
multiplexor for coupling a selected one of the first and 
the second inputs of the multiplexor to the output of the 
multiplexor; 

a first regulation circuit coupled to the first input of the 
multiplexor and the output of the charge pump, the first 
regulation circuit for generating a first regulation volt- 
age in response to the first supply voltage and the 
output of the charge pump such that the charge pump 
outputs a first output voltage when the first input of the 
multiplexor is coupled to the output of the multiplexor; 
and 

a second regulation circuit coupled to the second input of 
the multiplexor and the output of the charge pump, the 
second regulation circuit for generating a second regu- 
lation voltage in response to the second supply voltage 
and the output of the charge pump such that the charge 
pump outputs a second output voltage when the second 
input of the multiplexor is coupled to the output of the 
multiplexor 

2. The circuit for generating one of a plurality of output 
voltages as claimed in claim 1, wherein the first regulation 
circuit comprises: 

a first voltage reference circuit coupled to the first supply 
voltage, the first voltage reference circuit for generating 
a first reference voltage in response to the first supply 
voltage; and 

a voltage controlled oscillator having a positive terminal 
coupled to receive the first reference voltage and a 
negative terminal coupled to the output of the charge 
pump, the voltage controlled oscillator for outputting 
the first regulation voltage in response to the first 
voltage. 

3. The circuit for generating one of a plurality of output 
voltages as claimed in claim 2, wherein the charge pump 
comprises: 

an oscillator coupled to the output of multiplexor, the 
oscillator for generating a clock signal in response to a 
one of the first and second regulation voltages; 

a first clock driver circuit coupled to receive the clock 
signal for outputting a first phase of the clock signal; 

a second clock driver circuit coupled to receive the clock 
signal for outputting a second phase of the clock signal; 

a boost circuit coupled to receive the first phase of the 
clock signal, the second phase of the clock signal, and 
the first supply voltage, the boost circuit for outputting 
the first output voltage in response to the first phase of 
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the clock signal, the second phase of the clock signal 
and the first supply voltage. 

4. The circuit for generating a plurality of output voltages 
as claimed in claim 1, wherein the multiplexor comprises a 
third input that can be selectively coupled to the output of 5 
the multiplexor, the circuit further comprising: 

a third regulation circuit coupled to the third input of the 
multiplexor and the output of the charge pump, the 
third regulation circuit for generating a third regulation 
voltage in response to the second supply voltage and l0 
the output of the charge pump such that the charge 
pump outputs a third output voltage when the third 
input of the multiplexor is coupled to the output of the 
multiplexor. 

5. A circuit for generating one of a plurality of output 
voltages, comprising: 

a first conductor coupled to a first supply voltage; 

a first switch having a first terminal and a second terminal, 
wherein the first terminal of the first switch is coupled 
to the first conductor, 2 o 

a second conductor coupled to a second supply voltage; 

a second switch having a first terminal and a second 
terminal, wherein the first terminal of the second switch 
is coupled to the second conductor; 

a charge pump having an input and an output; 25 

a multiplexor having a first input, a second input, and an 
output coupled to the input of the charge pump, the 
multiplexor for coupling a selected one of the first and 
second inputs of the multiplexor to the output of the 
multiplexor; 30 

a first regulation circuit coupled to the second terminal of 
the first switch, the first input of the multiplexor, and 
the output of the charge pump, the first regulation 
circuit for generating a first regulation voltage in 
response to the first supply voltage and the output of the 35 
charge pump such that the charge pump outputs a first 
voltage when , the first input of the multiplexor is 
coupled to the output of the multiplexor; 

a second regulation circuit coupled to the second terminal 
of the second switch, the second input of the multi- 40 
plexor, and the output of the charge pump, the second 
regulation circuit for generating a second regulation 
voltage in response to the second supply voltage and 
the output of the charge pump such that the charge 
pump outputs a second voltage when the second input 45 
of the multiplexor is coupled to the output of the 
multiplexor; and 

a control circuit coupled to the first switch, the second 
switch, and the multiplexor, the control circuit for 
closing the first switch, opening the second switch, and SQ 
causing the first input of the multiplexor to be coupled 
to the output of the multiplexor when the first output 
voltage is selected for output, and the control circuit for 
closing the second switch, opening the first switch, and 
causing the second input of the multiplexor to be 55 
coupled to the output of the multiplexor when the 
second output voltage is selected for output. 

6. The circuit for generating one of a plurality of output 
voltages as claimed in claim 5, wherein the first regulation 
circuit comprises: ^ 

a first voltage reference circuit coupled to the first supply 
voltage, the first voltage reference circuit for generating 
a first reference voltage in response to the first supply 
voltage; and 

a voltage controlled oscillator having a positive terrninal 65 
coupled to receive the first reference voltage and a 
negative terminal coupled to the output of the charge 
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pump, the voltage controlled oscillator for outputting 
the first regulation voltage in response to the first 
voltage. 

7. The circuit for generating one of a plurality of output 
voltages as claimed in claim 6, wherein the charge pump 
comprises: 

an oscillator coupled to the output of multiplexor, the 
oscillator for generating a clock signal in response to a 
one of the first and second regulation voltages; . 

a first clock driver circuit coupled to receive the clock 
signal for outputting a first phase of the clock signal; 

a second clock driver circuit coupled to receive the clock 
signal for outputting a second phase of the clock signal; 

a boost circuit coupled to receive the first phase of the 
clock signal, the second phase of the clock signal, and 
the first supply voltage, the boost circuit for outputting 
the first output voltage in response to the first phase of 
the clock signal, the second phase of the clock signal 
and the first supply voltage, 

8. The circuit for generating a plurality of output voltages 
as claimed in claim 5, wherein the multiplexor comprises a 
third input that can be selectively coupled to the output of 
the multiplexor, the circuit further comprising: 

a third regulation circuit coupled to the third input of the 
multiplexor and the output of the charge pump, the 
third regulation circuit for generating a third regulation 
voltage in response to the second supply voltage and 
the output of the charge pump such that the charge 
pump outputs a third output voltage when the third 
input of the multiplexor is coupled to the output of the 
. multiplexor. 

9. A nonvolatile memory device comprising: 

a first conductor coupled to a first supply voltage; 

a second conductor coupled to a second supply voltage; 

a charge pump having an input and an output; 

a memory cell array coupled to the output of the charge 
pump, the memory cell array comprising a plurality of 
nonvolatile memory cells arranged in a plurality of 
rows and columns; 

a multiplexor having a first input, a second input, and an 
output coupled to the input of the charge pump, the 
multiplexor for coupling a selected one of the first and 
the second inputs of the multiplexor to the output of the 
multiplexor; 

a first regulation circuit coupled to the first input of the 
multiplexor and the output of the charge pump, the first 
regulation circuit for generating a first regulation volt- 
age in response to the first supply voltage and the 
output of the charge pump such that the charge pump 
outputs a first output voltage when the first input of the 
multiplexor is coupled to the output of the multiplexor; 
and 

a second regulation circuit coupled to the second input of 
the multiplexor and the output of the charge pump, the 
second regulation circuit for generating a second regu- 
lation voltage in response to the second supply voltage 
and the output of the charge pump such that the charge 
pump outputs a second output voltage when the second 
input of the multiplexor is coupled to the output of the 
multiplexor. 

10. The nonvolatile memory device of claim 9, wherein 
the first regulation circuit comprises: 

a first voltage reference circuit coupled to the first supply 
voltage, the first voltage reference circuit for generating 
a first reference voltage in response to the first supply 
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voltage; and 

a voltage controlled oscillator having a positive terminal 
coupled to receive the first reference voltage and a 
negative terminal coupled to the output of the charge 
pump, the voltage controlled oscillator for outputting 5 
the first regulation voltage in response to the first 
voltage. 

11. The nonvolatile memory device as claimed in claim 
10, wherein the charge pump comprises: 

an oscillator coupled to the output of multiplexor, the 10 
oscillator for generating a clock signal in response to a 
one of the first and second regulation voltages; 

a first clock driver circuit coupled to receive the clock 
signal for outputting a first phase of the clock signal; 

a second clock driver circuit coupled to receive the clock 15 
signal for outputting a second phase of the clock signal; 

a boost circuit coupled to receive the first phase of the 
clock signal, the second phase of the clock signal, and 
the first supply voltage, tie boost circuit for outputting 
the first output voltage in response to the first phase of 20 
the clock signal, the second phase of the clock signal 
and the first supply voltage. 

12. The nonvolatile memory device as claimed in claim 9 
wherein the first output voltage is selected to read the array 

of memory cells and the second output voltage is selected to 25 
program the array of memory cells. 

13. The nonvolatile memory device as claimed in claim 9, 
wherein the multiplexor comprises a third input that can be 
selectively coupled to the output of the multiplexor, the 
circuit further comprising: 30 

a third regulation circuit coupled to the third input of the 
multiplexor and the output of the charge pump, the 
third regulation circuit for generating a third regulation 
voltage in response to the second supply voltage and 
the output of the charge pump such that the charge 35 
pump outputs a third output voltage when the third 
input of the multiplexor is coupled to the output of the 
multiplexor. 

14. The nonvolatile memory device as claimed in claim 

13 wherein the first output voltage is selected to read the 40 
array of memory cells, the second output voltage is selected 
to program the array of memory cells, and the third output 
voltage is selected to erase the array of memory cells. 

15. A nonvolatile memory device comprising: 

a first conductor coupled to a first supply voltage; 

a first switch having a first terminal and a second terminal, 

wherein the first terminal of the first switch is coupled 

to the first conductor; 
a second conductor coupled to a second supply voltage; 50 
a second switch having a first tenninal and a second 

terminal, wherein the first terminal of the second switch 

is coupled to the second conductor; 
a memory cell array coupled to the output of the charge 

pump, the memory cell array comprising a plurality of 55 

nonvolatile memory cells arranged in a plurality of 

rows and columns; 
a charge pump having an input and an output; 
a multiplexor having a first input, a second input, and an g 0 

output coupled to the input of the charge pump, the 

multiplexor for coupling a selected one of the first and 

second inputs of the multiplexor to the output of the 

multiplexor; 

a first regulation circuit coupled to the second terminal of 65 
the first switch, the first input of the multiplexor, and 
the output of the charge pump, the first regulation 



circuit for generating a first regulation voltage in 
response to the first supply voltage and the output of the 
charge pump such that the charge pump outputs a first 
voltage when the first input of the multiplexor is 
coupled to the output of the multiplexor, 

a second regulation circuit coupled to the second terminal 
of the second switch, the second input of the multi- 
plexor, and the output of the charge pump, the second 
regulation circuit for generating a second regulation 
voltage in response to the second supply voltage and 
the output of the charge pump such that the charge 
pump outputs a second voltage when the second input 
of the multiplexor is coupled to the output of the 
multiplexor; and 

a control circuit coupled to the first switch, the second 
switch, and the multiplexor, the control circuit for 
closing the first switch, opening the second switch, and 
causing the first input of the multiplexor to be coupled 
to the output of the multiplexor when the first output 
voltage is selected for output, and the control circuit for 
closing the second switch, opening the first switch, and 
causing the second input of the multiplexor to be 
coupled to the output of the multiplexor when the 
second output voltage is selected for output. 

16. The nonvolatile memory device of claim 15, wherein 
the first regulation circuit comprises: 

a first voltage reference circuit coupled to the first supply 
voltage, the first voltage reference circuit for generating 
a first reference voltage in response to the first supply 
voltage; and 

a voltage controlled oscillator having a positive terminal 
coupled to receive the first reference voltage and a 
negative terminal coupled to the output of the charge 
pump, the voltage controlled oscillator for outputting 
the first regulation voltage in response to the first 
voltage. 

17. The nonvolatile memory device as claimed in claim 
16, wherein the charge pump comprises: 

an oscillator coupled to the output of multiplexor, the 
oscillator for generating a clock signal in response to a 
one of the first and second regulation voltages; 

a first clock driver circuit coupled to receive the clock 
signal for outputting a first phase of the clock signal; 

a second clock driver circuit coupled to receive the clock 
signal for outputting a second phase of the clock signal; 

a boost circuit coupled to receive the first phase of the 
clock signal, the second phase of the clock signal, and 
the first supply voltage, the boost circuit for outputting 
the first output voltage in response to the first phase of 
the clock signal, the second phase of the clock signal 
and the first supply voltage. 

18. The nonvolatile memory device as claimed in claim 
15 wherein the first output voltage is selected to read the 
array of memory cells and the second output voltage is 
selected to program the array of memory cells. 

19. The nonvolatile memory device as claimed in claim 
15, wherein the multiplexor comprises a third input that can 
be selectively coupled to the output of the multiplexor, the 
circuit further comprising: 

a third regulation circuit coupled to the third input of the 
multiplexor and the output of the charge pump, the 
third regulation circuit for generating a third regulation 
voltage in response to the second supply voltage and 
the output of the charge pump such that the charge 
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pump outputs a third output voltage when the third 
input of the multiplexor is coupled to the output of the 
multiplexor. 

20. The nonvolatile memory device as claimed in claim 
19 wherein the first output voltage is selected to read the 5 
array of memory cells, the second output voltage is selected 

to program the array of memory cells, and the third output 
voltage is selected to erase the array of memory cells. 

21. The circuit for generating one of a plurality of output 
voltages as claimed in claim 1, wherein the second conduc- 
tor is the first conductor and the second supply voltage is the 
first supply voltage. 
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22. The circuit for generating one of a plurality of output 
voltages as claimed in claim 5, wherein the second conduc- 
tor is the first conductor and the second supply voltage is the 
first supply voltage. 

23. The nonvolatile memory device of claim 9, wherein 
the second conductor is the first conductor and the second 
supply voltage is the first supply voltage. 

24. The nonvolatile memory device of claim 15, wherein 
the second conductor is the first conductor and the second 
supply voltage is the first supply voltage. 

***** 
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v. Rasmussen 



Nothing in §261. itself creates a right of 
in the federal courts seeking an inter- 
ion of contracts. BSFs repeated misla- 
>f this action as one for "declaration of 
lidity of an assignment" cannot make 
i basis for federal jurisdiction over this 
3 suit. 

uning the truth of what it wishes were 
ut is not, BSI presents a number of 
irrelevant, question-begging, and con- 
considerations: treaties allow foreign 
lis to obtain and assign US. patent 
35 U.S.C. §102 refers to a "person" 
t specifying nationality; the Constru- 
es not specify nationality of "authors 
;entors"; all 0. S. citizens are affected 
assignment" of an application; a state 
annot decide "a federal right created 
sral statute"; Rasmussen and BSFs 
corporation are foreign entities: pat- 
i grants of .federal rights. . 

wtness 

ontends in its main brief that, because 
ubstitution, diversity jurisdiction now 
ndthis appeal has thereby been ren- 
moot or ^'probably moot". BSI did 
vever, move to withdraw the appeal 
sen agreed that . the appeal is moot in 
diversity. BSI's reply brief says only 

appeal is not procedurally frivolous 
Jtness because Rasmussen . has not 

to a remand. 

Beghin-Say. assigned whatever rights 
iave in the two U. S, applications !to 
•-•the district court entered the order 
. from in this case and BSI moved for 
ion after this appeal was filed. Those 
annot establish diversity jurisdiction 
strict court under §1332(a)(2) when 
»laint.was filed. That determination 
made as of the filing date of a 
Vor of an amended complaint, and 
; changed by action of a party there- 

l ^7*,o«i: evex Gor P<> N °s- 83- 
221 USPQ 202 (Fed. Cir. March 6, 
is in any event a matter for decision 
istnct court in the first instance. 4 
aon of diversity jurisdiction in BSFs 
: suite, supra, note. 3, if that oc- 
iuld not work a retroactive creation 
y jurisdiction in the Virginina court 



ant of BSFs motion for substitution on 
not constitute such substitution before 
court. If BSI persists in its apparent 
Miduct two idemical suits in two busy 
rts, it may. file a new complaint in. the 
urt, whereupon one of the duplicative 
, presumably, be stayed or transferred. 



that issued the. order here appealed from. Nor 
does substitution of BSI on appeal affect the 
sole issue before us, i.e., whether the Virginia 
district court erred in holding that it had no 
jurisdiction under. §1 338(a) over the action as 
filed.- Nor would we have jurisdiction over an 
appeal from a final decision of a district court 
in a case, in which that court's jurisdiction 
was based solely on diversity of citizenship. 

As above indicated, we do have jurisdiction 
> to decide our own jurisdiction and that of the 
district court on Which;our owiri depends. The 
appealed order was based on lack of jurisdic- 
tion over , this type of suit; under § 1338(a). 
BSI questions the correctness of that order. 
- Our decision disposes of that question and the 
appeal is not therefore moot. ■ • 

(4) Costs 

Rasmussen requests costs, attorney fees, 
and damages under Rule 38, Fed. R. App. P., 
asserting that this appeal is frivolous on its 
merits, and "in its. procedural foundation and 
that it' was . filed ifor ' the sole purpose of 
unnecessarily and needlessly" prolonging the 
ongoing conflict between i&eparties. 

This court has noted that the filing of and 
proceeding with a dearly' frivolous appeal 
constitutes 'ah- unnecessary and unjustifiable 
burden on overcrowded courts, diminishes the 

. opportunity foi* careful contemplative consid- 
eration 1 of -non-frivolous appeals, and delays 
access to the courts of persons having truly 
deserving causes, Asberry V. United 1 States 
Postal Service, 692 F;2d 1378, 215 USPQ 
921 (Fed. Sir: 1982);. Connell v. Sears Roe- 
buck & Co.; 722 R2d 1542, 220 USPQ 193 
(Fed. Cir. 1983). Asberry was called to coun- 
sel's attention when this appeal was filed, 

. There are, ' however; differences between 
excessive, advocacy and inexperience on the 
one hand and clear frivolity on the other. 
True, it is difficult to conceive of: any useful 
or non-friyolous purpose that could have* rea- 
sonably motivated the continuation of . this 
appeal^ an appeal that does Border the ragged 
edge of frivolity. First, BSI has^a suit penning 
in Delaware, where it says diversity jurisdic- 
tion existSj and where a judgment on the 
merits may be obtained from which.an appeal 

. will lie to the United States Court of Appeals 
for the Third Circuit/ Second; the Tesult of 
a reversal here, if there' had been remote 



* If trial of this. action in cither district court 
proceeds to conclusion, the court will decide the 
case in accordance with' the law of contracts; 'which 
may be that of the appropriate state - sec In Re 
Sriap:On Tools, 720 F.2d 654, 220 USPQ 8 (Fed. 
Cir. 1983), or, perhaps, that of France. \ .. 



chance of achieving it, would have been mere- 
ly the pendency, of BSFs two identical suits in 
two. different federal district courts. Third, 
BSI . continued to prosecute the . appeal . after 
the bankruptcy of its arguments had- been 
pointed out in Rasmussen's 'brief. , ■ 

Thought total absence of merit in BSFs 
arguments may, as Rasmussen suggests, be 
viewed as evidence of frivolousness, it may in 
this case also be. viewed as the product of 
other factors, as indicated above: That consid- 
eration argues .against Rasmussen-s demand 
for all .sanctions possible under Rule 36\ An- 
other sanction-limiting factor is an opportuni- 
ty provided for guidance to the parties. BSI 
may now, for example, deem advisable the 
removal of §1 338(a) as a claimed basis for 
jurisdiction in the. district court for.Delay/are, 
and may. also recognize that the sole bi&sis for 
■jurisdiction over this contract suit in any 
federal , district . court is diversity . of 
citizenship. 

W> decline therefore to grant .Rismussen's 
request for a total sanction, including attor- 
ney fees and damages: We do order that :BSI 
shall reimburse Rasmussen for his costs on 
this appeal. 

Decision 

Because no jurisdiction of the district court 
was here based ;on §1 338(a), the appeal must 
be dismissed for lack of jurisdiction in this 
court. . . - ■: 

Costs to Rasmussen. 

Dismissed. ; ., ; • 

Friedman, Circ&fc'ju^ in the 

result. ' ■':./•: • ' 



. Cpurt of App^a^, Fe^ei^ Circuit \"V 
In re.Gbrdon et\al.| ;. 

^ded'May. lb; 1984 • 
PATENTS 

1. Patentability — Anticipation Motii- 
*. fying references (§51;5il7) / 

Question is not whether patentable; distinc- 
tion is created by viewing prior art apparatus 
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from 1 one: direction- and claimed apparatus 
from another* but whether it would have been 
obvious : from fair reading of- prior art refer- 
ence as whole to turn prior art apparatus 
upside down; mere fact that prior art could be 
modified by turning apparatus: upside: down 
does not make modification obvious unless 
prior art suggested desirability .of 
modification. 

Particular patents — Blood Filters 

Gordon and Sutherland, Blood Filter As- 
sembly, Rejection of claims 1-3 and 5-7 
reversed. 



Application for patent of Lucas S. Gordon 
and Karl M Sutherland, Serial No. 124,312, 
filed Feb.! 25, 1980. From decision rejecting 
claims .1-3 ; and 5-7, applicants appeal. 
Reversed; < 

janies W-. Geriak; Lbs Xngeles, Calif. (Brad- 
ford J. Duft, Lps Angeles, Calif., on the 
, brief) for* appellants. 

John F. Pitrelli (Joseph F. Nakamura and 
John W. Dewhurst* on the brief) for Pat- 
ent and Trademark Office. 

Before Bennett and Miller, Circuit Judges 
. ^and Skelton, Senior Circuit Judge. 

Miller, Circuit Judge. 

This appeal is" from the decision of the 
United States Patent ; and Trademark Office 
(^PTO") Board of Appeals ("board") affirm- 
ing the examiner's rejection of appellants' 
claims 1 1-3 and 5-7 as unpatentable under 
35 U.S:C. §103..We reverse. 

The Invention 

Appellants claim a "blood filter assembly" 
used during surgery and other medical proce- 
dures inyplyihg the Hand ling, of blood to re- 
move dots, bone debris, tissue, or other for- 
eign niafeiialsr froiri bleed before it is returned 
to. a patient's body. Ufolike blood filter assem- 
blies widely used in the prior art, the device 
of the present invention permits both entry of 
the blood into, and Ultimate discharge of the 
blood out of, the bottom end of the filter 
assembly, as shown below. 2 



In application Serial No.- 124;312, filed Feb- 
niary 25, 1980, for'a ^Blood Firter." " "* 
■•-* ? Extraneous numbers have been removed from 
. this and the subsequent drawing for clarification. * 




The blood filter assembly comprises a shell 1 
provided with blood inlet 3 . and blood outlet 
4. Between the blood inlet and the blood 
outlet is filter medium 6.'pos f itioned Within the 
filter medium core 7: . 

The location of blood inlet 3 is such that 
the incoming blood is directed along a spirally 
upward path by the inner wall of the shell. 
Further, the location of the blood inlet at the 
bottom end of the filter, assembly facilitates 
the removal of gas bubbles by . allowing thein 
(to rise upwardly out of the blood. The. gas 
bubbles so removed are released from the 
blood filter assembly by means of a gas vent 5 
located in. the region of the top .end of the 
assembly. 

Independent claim 1, from which the other 
appealed claims depend, is illustrative: 
■ Blood filter assembly comprising: 

a. a shell having a first top eiid and a 
second bottom end, ; * 

b. a blood inlet located in' the regipri'pf 
said bottom : end and opening into said 
bottom ehd, ; ' * > 

c. a blood outlet located in the region of 
. said bottom end, >■ . ' . 

. d. a gas vent located in the region of said 
• top end, and \ ' 

e. a biood.filter.medrum located between 
said blood .inlet and.said blood outlet, . 

said blood inlet being located and con- 
figured in a manner capable of directing 
incoming blood in a generally spiral path 
within said shell. 
Claims 2, 3, arid 5-7 further define the/shape 
of the shell,: the shape of the filter meditini, 
arid the nature of the material used as the 
filter medium. O : r ; * >ti 
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ter assembly comprises a shell 1 
h blood inlet 3 and blood outlet 
the blood inlet and the blood 
- medium 6. positioned within the 
i core 7. 

on of blood inlet 3 is such that 
blood is directed along a spirally 
i by the inner wall of the shell, 
location of the blood inlet at the 
of the filter assembly facilitates 
of gas bubbles by allowing them 
irdly out of the blood. The gas 
removed are released from the 
ssembly by means of a gas vent 5 
le region of the top, end of the 

nt claim 1, from which the other 
ims depend, is illustrative: 
Iter assembly comprising: 
ill having a first top end and a 
torn end, 

od inlet located in the region of 
im end and opening into said 
d, 

od outlet located in the region of 
n end, ; * 

vent located in the region of said 
mi 

od filter medium located between 
inlet and said blood outlet, 
kxI inlet being located and con- 
: a manner capable of directing 
blood in a generally spiral path 
d shell. . 

and 5-7 further define the, shape 
the shape of the filter medium, 
ure of the material used as the 
n. : 
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, . • Prior Art. , 

: ,;The sole reference relied upon' .by the board 
ibUnited States Patent, No; 1,175,948, issued 
March 2\ r 1916,. to French. French. discloses 

.a jiquid -strainer for removing dirt and water 
from, gasoline and other v light . oils.. As shown 

,"below, thejnleit 4 and outlet .5 of the French 
device ffrje both at ; the top end .of the device. 




. A .continuous helical tooth or thread 8 is 
formed, integral with the inner wall of shcILJ 
and; imparts to the incoming liquid a whirling 
motion, : which gives, the liquid a scouring 
action ".to help, clean the surface of .a metal 
screen, filter 21 and glides unwanted dirt and 
water dowiiwardly: into a i: pocket . 9 in - . the 
bottom, of the shell! A pair of shelves" iOauid 
11, projecting inwardly and . downwardly 
from the inner wall of the shell, further 
assists the entrance of dirt and water into the 
pocket 9 and prevents their being drawn back 
mto the main'- chamber 12: r The reference 
expressly states, "gravity assists in the separa- 
tion. ;Of heavier, oils .or water" A 'peacock 13, 
.projecting vertically, downward .from the ; bot- 
tom of the pocket is used to remove . the 
collected dirt and\Water periodically. The top 
of the liquid strainer' is completely closed by 
gland 3- except for ' the' inlet and outlet 
'openings? ■ (i ' •;' " •• *' ""' 

' Board Opinion 

The board- held that the ^appealed claims 
were drawn to an apparatus 4 Which "Would 
have at least been rendered pr^a fade obvi- 
ous to one of 'ordinary skill iii : the* art 'by the 
apparatus disclosed, in French." The. bjpaitfs 
reasoning was.ihat it would hayeibeen /oivi- 
ousito turn= the French idevicb upside down to 
have both the inlet and outlet at the bottom, 



rather : than at the top; .-: and to -'employ 
French's "pet-cock" as the claimed "gas 
vent." Jri: the board's opinion; no patentable 
distinction was created 'by viewing French's 
apparatus from one direction and the claimed 
apparatus from another. - - 

ANALYSIS 

[1] We are persuaded thai the board erre^ 
in its conclusion of prima fade obviousness. 
The question is not whether a patentable 
distinction -is' created ' by viewing a : prior : art 
apparatus from one ' direction * and a claimed 
apparatus fronv another;- but, 'ratheri v whether 
it would have been obvious from * fait -read- 
ing of the prior art reference ,as £ whoje jto 
turn the prior art apparatus upside f down. 
French; teaches * a liquid strainer Which' relies, 
Bt least in part;, upon the assistance of ^gravity 
■to separate undesired dirt^anij> water from 
gasoline and other light, oils. Thereforei it ds 
not seen that t French would have provided 
any moVjvation- to one '"of ordfnary 'sldtl\in the 
art- to employ rthe ; French .apparatus;, in an 
..upside! down, orientation. .The mere fact that 
the; prior art could be sp. modified would' not 
have made the nxodi^oation robyipus, unless, the 
prior- art. suggested the.- desirability. x>f r -.the 
modification; Seei Garl Schenckj A.G;;*. JNbr- 
tron Corp.,. 713 F.2d 7B& 787, 218 USPQ 
698, 702 (Fed. Cir. 1983), and In re S.er- 
haker, 702 F.2d 989, 995-96, 217 USPQ 1, 
6-7 (Fed, Cir. 1983), both citing In re Imper- 
ato, 4.86 R2d.S85.587, 179 USPQ 730,732 
(GG^A:-l'973). v --.. ;;; ; : v - ' 1 '■ 
■ Indeed, . if the .French - apparatus ' were 
turned upside, dowjrti it would be rendered 
inoperable for "its iritended'purpose" 4 The fas- 
oline (b be filtered would te\trappedin pbc^fet 
9, and' the water'Frcheh -seeks to 'separate 
"would flow freely '6tft it the outlet 5, Farther, 
' unwanted -dirt' ! wqtikf build up.ih;- the space 
between the wall of shell 1 and Screen 21, so 
that, in time,, screen ,21 woulc( become clogged 
unless '£ drain ' valvei such : as jpetVcbcW *'1'3, 
were - re-mtrbduced at the r new '^bottom^ of 
the apparatus. See- In re Schulpeh," 390"*F.2d 
1009, 1013, 157 USPQ 52, 55 (CCPA 1968). 
In ^effect, 'French ' teaches Way . frtfni /the 
board's proposed modification - : : " y ] 

Because the PTO has failed to establish a 
prima facie case of obviousness, .the^rejectiqn 
of claims -i -3 and 5-7 as unpatentable Under 
35 U.S.C; §103 must be reversed " 1 : 

Reversed 



'Because our holding that the PTO has failed 
to establish a prima: facie case is dispositive, it is 
unnecessary i.to -reach other arguments ' raised -by 
appellants. : v. ; ' r -- i; •■''*"*' 
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use and Senate reports on the bill 
ich became the Patent Act of 1952 
2nd Cong., House Keport No. 1923, 
.y 12, 1952, p. 4; Senate Report No. 

$' &£5x 2 V 9 . 52 ' p - 3 ' t0 accompany 
3~ 7794), it is quite unlikely that 

authors of the Constitution had pat- 
s, inventors or inventions in mind 
en m Art. 1, section 8 they referred 
. science." What we now know as 
tence" did not exist when the Consti- 
ton was written. Such "science" as 
3ted was more likely to be called 
ural philosophy and the probability 
:nat "science" in the Constitution re- 
red to knowledge in general, which 
* to be promoted by Congress, should 
choose to exercise its power, by 
luring for limited times to authors 

* the exclusive right to their * * * 
tings." See Karl B, Lute, "Patents 

Science," 18 Geo. Wash. L.Kev. 50, 
J.P.O.S. 83, Feb. 1950. Thus there 

no implication that patents were to 
granted for scientific discoveries, or 
otheses, but only to inventors for 
r discoveries in useful arts. Hence 

statutory requirement that some- 
g of use i in the useful arts must be 
luced and the correlative requirement 
; it must be fully disclosed so that 
e in the art can use it. 
at in another way, the statutes do 
provide for the granting of patents 
Jl inventions, which term could con- 
ably include the discovery of scien- 

facts or the invention of theories, 
only for patenting operative proc- 
h machines, manufactures, composi- 
i of matter and improvements there- 
as accomplished facts, not mere 
osals. 

ie record here shows that the useful 
waited a long time and for a vast 
rot of work to be done subsequent 
jpellants* application disclosures be- 
a useful nuclear reactor or process 
■reducing nuclear energy, for in- 
:ial purposes, came into being. It is 
accomplishments of this sort that 
are granted, and then provided 
that there is a disclosure of how 
hieve them. 
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46 COFA 976 

Court of Customs and Patent Appeals 

In re Ratti 
Appl. No. 6452 Decided Sept 30, 1959 

PATENTS 

1. Evidence-Judicial notice (§ 36.20) 

It is common knowledge that resilient 
def ormable materials such as natural or 
synthetic rubber are incompressible, i.e., 
while they may be deformed, this can 
occur only if design and mounting of part 
permits resilient material to change its 
shape in response to applied forces. 

2. Patentability — Anticipation — Com- 

bining references (§ 51.205) 
Patentability — Anticipation — Modi- 
fying references (§51.217) 
Combination of J patent with C patent 
is not proper ground for rejection of 
claims since combination would require 
substantial reconstruction and redesign 
of elements shown in C as well as change 
in basic principles under which C con- 
struction was designed to operate; once 
applicant taught how this could be done, 
redesign may, by hindsight, seem to be 
obvious to one having ordinary skills in 
art, but, when viewed as of time appli- 
cant's invention was made, and without 
benefit of applicant's disclosure, court 
finds nothing in art of record which sug- 
gests applicant's novel device. 

3. Court of Customs and Patent Appeals 

— Issues determined — Ex parte pat- 
ent cases (§ 28.203) 
Rejection reversed by ^Board is not 
before court. 

4. Patentability— In general (§ 51.01) 
Novelty alone is not enough for pat- 
entability. 

5. Patent grant— In general (§ 50.01) 
Applicant is entitled to patent, under 

the statutes, unless one of the prohibi- 
tory provisions of statutes applies. 

6. Patentability— In general (§ 51.01) 
Patentability— Evidence of— In gen- 
eral (§51.451) 

Patentability— Utility (§ 51.75) 
.Statutory requirements for patent- 
ability are novelty, usefulness, and un- 
obviousness, as provided in 35 U.S.C. 101, 
102, and 103; while proof that invention 
is better or possesses advantages may 
be persuasive of existence of any one 
or all of the requirements, and hence 
be indicative of patentability, Congress 
has not made such proof a prerequisite to 
patentability; moreover, Congress has 
never required that each and every pat- 



entable invention involve "progress" in 
the sense that it must possess some def- 
inite advantage over prior art; hence, it 
is improper to reject claim on ground 
that it does not possess some definite ad- 
vantage over prior art; while R.S, 4893 
may be said to have given Commissioner 
some discretion in refusing to grant 
patent on an otherwise patentable inven- 
tion unless "the same is sufficiently use- 
ful and important," Congress removed 
this provision from new 35 U.S.C. 131; 
this is further indication that it is intent 
of Congress that patentability be deter- 
mined solely by sections 101, 102, and 
103. 

7. Court of Customs and Patent Appeals 
—In general (§ 28.01) 

Pleading and practice in Patent Office 
—In general (g 54.1) 

It is duty of Patent Office and Court of 
Customs and Patent Appeals to apply law 
as Congress wrote it. 

Particular patents— Oil Seal 

Ratti, Oil Seal, claims 1, 4, 7, and 
10 of application allowed. 



Appeal from Board of Appeals of tne 
Patent Office. 

Application for patent of Ferdinand J. 
Ratti, Serial No. 359,325, filed June 3, 
1953; Patent Ofiice Division 52. From 
decision rejecting claims 1, 4. 7, and 10, 
applicant appeals. Reversed; Kirkpatnck, 
Judge, dissenting with opinion in which 
Worley, Chief Judge, joins. 
Cromwell, Grbist & Warden (Raymond 
L. Greist of counsel) both of Chicago, 
111., for appellant. 
Clarence W. Moore (S. Wm. Cochran 
of counsel) for Commissioner of Pat- 
ents. 

Before Worley, Chief Judge, Rich, 
Martin, and Smith, Associate Judges, 
and Kirkfatrick, Judge*. 

Smith, Judge. 

This is an appeal from the decision of 
the Board of Appeals of the United 
States Patent Office affirming the rejec- 
tion by the Primary Examiner of claims 
1, 4, 7 and 10 of appellant's application 
serial No. 359,325, filed June 3, 1963, for 
a patent on an "Oil Seal" for sealing the 
space between a bore in a housing and 
a relatively movable shaft centrally lo- 
cated in the bore. 

•United States Senior District Judge 
for the Eastern District of Pennsylvania, 
designated to participate in place or 
Judge O'Conhell. pursuant to the pro- 
visions of Title 28, United States Code, 
Section 294(d). 
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Claim 1 is representative of claims 4 
and 7 and reads: 

1. A seal for insertion in a cylindri- 
cal bore in a housing about a relatively 
movable centrally located shaft, com- 
prising an annular bore-engaging 
mounting portion of resiliency deform- 
able material for endwise insertion in 
and statically sealed engagement 
with the bore in the housing, an an- 
nular shaft-engaging portion connected 
with said bore-engaging portion for 
running engagement with the shaft, 
and a metal ring located adjacent one 
end of said bore-engaging portion, said 
ring being provided with a plurality of 
axially extending outwardly biased 
spring fingers in outwardly clammed 
engagement with said bore-engaging 
portion inwardly of the outer periphery 
of the latter, and said ring being also 
provided outwardly of said oore-engag- 
ing portion with means for detachably 
connecting the ring to the housing out- 
wardly of the bore in the latter. (Em- 
phasis ours.) 

Claim 10 differs from the other claims 

on appeal and reads: 

10. A seal for insertion in a cylindri- 
cal bore in a housing about a relatively 
movable centrally located shaft, com- 
prising a sealing ring having an outer 
bore-engaging portion of resfliently de- 
formable material, which portion is of 
somewhat larger diameter than the 
bore in the housing, for press-fit inser- 
tion in the bore, and a metal retaining 
ring associated with the sealing ring, 
said retaining ring being connected 
with the sealing ring and being pro- 
vided outwardly of the latter with re- 

: siliently yieldable hook formations 
which are adapted to be sprung into 
interlocking engagement with a com- 
plementary} formation associated with 
the housing outwardly of the bore, 
which engagement acts to prevent axial 
displacement of the sealing ring rela- 
tive to the bore in the housing. (Em- 
phasis ours.) 

' The 'references in the case are: 
i; Roth, 1,546,942, July 21, 1925. 
Norton, 1,951,034, Mar. 1, 1934. 
Jepson, 2,544,324, Mar. 6, 1951. 
■' Chinnery et al. (British), 578,526, 
July 2, 1946. 

Appellant's shaft seal comprises an 
annular sealing member of resilient de- 
forraable material which is adapted to be 
inserted into a cylindrical bore surround- 
ing a relatively movable shaft. The inner 
portion of the sealing member is provided 
with a flexible lip which is held in engage- 
ment with the shaft by a garter spring. 
In the. outer portion of the sealing mem- 
ber, an annular slot is provided which is 



concentric with and spaced from the outer 
periphery of the sealing member. This 
slot extends axially from the end of the 
member and provides a pocket in which 
the axially extending outwardly biased 
spring fingers of a metallic attaching 
ring are located. This construction per- 
mits the spring fingers to exert a force 
on the resilient material in the direction 
of the annular wall of the bore to provide 
and maintain a snug engagement between 
the outer surface of the resilient mem- 
ber and the inner surface of the bore. 
The metallic attaching ring is also pro- 
vided with radially extending resilient 
hooks located outwardly of the bore en- 
gaging portion of the resilient member. 
The housing is provided with a comple- 
mentary formation outwardly of the bore 
which is engaged by the resilient hooks 
to provide a snap-on connection between 
the bore and the seal. 

The Roth and Norton patents were re- 
lied upon by the examiner in rejecting 
claim 10, and since both references were 
considered by the board, we have included 
them in our consideration of this case. 
Roth shows a gasket structure for steam 
train line hose couplings. Norton shows 
an adjustable repair clamp for bell and 
spigot joints in which there is provided 
a sheet metal bridge piece "preferably of 
spring material." The bridge piece is 
sprung into interlocking engagement 
with a structural portion of the clamp 
and exerts its force on a resilient pack- 
ing ring which, if desired, may be ce- 
mented to it. 

The Chinnery et al. patent is the refer- 
ence principally relied upon by the Patent 
Office. It shows a housing provided with 
a bore surrounding a centrally located 
shaft. A reinforced and "stiffened" seal- 
ing member formed of a material such as 
rubber, is press fitted into the space be- 
tween the bore and the shaft. The sealing 
member has an inner lip held in contact 
with the shaft by a garter spring. The 
bore engaging portion of the sealing 
member is "stiffened" by an axially ex- 
tending cylindrical sheet metal casing 
which acts as a reinforcing member for 
a definite purpose which is described by 
Chinnery et al. as follows : 

Owing to the limited radial space 
within which the oil seal is to be ac- 
commodated, the holding portion of the 
oil seal cannot be stiffened by being 
massive. Consequently the holding por- 
tion of the present oil seal is stiffened 
in the known manner by a reinforce- 
ment, which may either encase or line, 
or alternatively constitute, such hold- 
■ ing portion and therefore makes the 
press-fitting contact with the machine 
part stationary relatively thereto, or 
may be an internal reinforcement in 
the sense that it does not make press- 
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fitting contact with the machine part 
stationary relatively thereto. (Em- 
phasis ours.) 

In Fig. 8 Chinnery et al. shows a radial- 
ly extending flange at the outer edge of 
a reinforcing member of the internal re- 
inforcement type which flange extends 
beyond the sealing member "to such an 
extent as to serve as a means of attach- 
ment of the oil seal to the housing i, ad- 
ditional to the interference press fit of 
the holding portion a in the housing re- 
cess The aforesaid flange is shown 
attached to the housing by screws or 
bolts. 

The Jepson patent relates to a gasket 
for sealing the space between the upper 
and lower vessels of a vacuum-type cof- 
fee maker. The gasket is an annular 
rubber member attached to the lower 
part of the upper vessel and is designed 
to fit into the upper part of the lower 
one. Located in a groove in the gasket 
is a sleeve member provided with axially 
and downwardly extending spring fingers 
which are so biased radially as to urge 
the lower peripheral portion of the gas- 
ket outwardly, thus effecting a tight 
engagement with the mouth of the lower 
vessel. 

Claims 1, 4, and 7 stand rejected on 
Chinnery et al. in view of Jepson, on the 
ground that it would not require "inven- 
tion" to replace the, cylindrical sheet 
metal reinforcing member, which is se- 
cured to the Chinnery et al. sealing mem- 
ber, by an annular set of outwardly 
biased spring fingers shown by Jepson. 

The problems which were solved by 
appellant's invention existed in this' art 
at the time of his invention despite. the 
Chinnery et al. disclosures. It was appel- 
lant rather than Chinnery et al. who pro- 
vided the art with a shaft seal in which 
the resilient element of the seal could 
be readily inserted into a bore in the 
housing so that it could be removed from 
the bore and replaced by a new sealing 
element without mutilation of the sealing 
surface of the bore. This is particularly 
important, the specification points out, 
where the bore is formed in light metal 
alloys such as are used in aircraft en- 
gines and which are relatively soft and 
easily damaged. In appellant's oil seal, 
the resilient seal is so constructed that 
when mounted in the bore, it will estab- 
lish and maintain a fluid tight relation- 
ship between the outer peripheral surface 
of the resilient seal member and the in- 
side of the bore. Where'erther natural or 
synthetic rubber is used as the resilient 
sealing member in such seals, the rubber 
in time will take a set or lose its resili- 
ency at least to the extent that the seals 
soon become ineffective to prevent leak- 
age of oil. When subjected to mechanical 



pressures and heat, such a rubber seal- 
ing element loses its sealing effectiveness 
at an accelerated rate. The problems in 
the oil sealing art arising from such, use 
of resilient sealing elements appear to 
have persisted because of the failure of 
the art to recognize these characteristics 
of the rubber sealing element and to so 
design the resilient element and the 
mounting therefor as to assure holding 
the outer circumference of the resilient 
sealing element in static oil-sealing con- 
tact with the inner circumference of the 
bore in which it is inserted. 

Appellant's seal differs from the art 
of record in at least three respects : 

(1) The provision of the annular 
slot which extends axially inward from 
one end of the resilient sealing element. 
This feature is claimed as part of the 
combination set forth in claim 4. 

(2) The outwardly biased resilient 
spring means or fingers inserted in the 
resilient sealing element. These means 
are claimed as part of the combination 
of claims 1, 4 and 7. 

(3) The "snap-on" connector which 
holds the resilient sealing element and 
engages with a complementary forma- 
tion associated with the housing -out- 
wardly of the bore. This feature is in 
the combination of .claim 10. 

The patents cited ■ by the examiner, 
either alone or in combination, do not 
disclose a resilient shaft sealing element 
having these features. 
. {!] It is common knowledge that re- 
silient deformable materials such as 
either natural or synthetic rubber are 
incompressible, that is, while they may 
be deformed; this can occur only if the 
design and mounting of the part permits 
the resilient material to change its shape 
in response to the applied forces. 

The seal construction disclosed in 
Chinnery et al. is such that the "inter- 
ference press fit" which that patent'calls 
for is alone relied on to keep the' seal 
tight. There is nothing in the Chinnery 
et al. patent to show how the resilient 
sealing element is maintained in resilient 
contact with the bore otherwise than by 
the resiliency of the rubber. If and when 
that resiliency is lost, the sealing effect 
will be impaired. 

''Considering the incompressible nature 
of the rubber in the sealing element dis- 
closed in Chinnery et al., its stiffening 
and reinforcement by the cylindrical sheet 
metal member, and its "interf erence press 
fit" in the bore, it seems clear to us that 
the Chinnery et al. seal cannot function 
m the manner of appellant's seal. Now, 
as to the contention that Jej>son 
would suggest inserting a set of spring 
fingers, the resilient element of Chinnery 
et aL is forced so tightly into the bore 
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and is so "stiffened" that the use of the 
resilient spring fingers of Jepson could 
not possibly increase the resilient defor- 
mation of the Chinnery et al. seal in the 
direction of the bore or increase the 
sealing engagement of the seal with the 
bore. The teaching of the Chinnery et al. 
patent points away from the addition of 
any spring element. On the other hand, 
we find nothing in the disclosure of Jep- 
son's coffee maker gasket to suggest that 
any part of it has applicability to shaft 
seals. The two arts are at least some- 
what remote from each other even if 
they both involve sealing. 

[2] We, therefore, find that Chinnery 
et aL did not teach the shaft sealing art 
how to solve the problems which existed 
in that art at the time of appellant's 
invention. We hold, further, that the com- 
bination of Jepson with Chinnery et al. 
is not a proper ground for rejection of 
the claims here on appeal. This suggested 
combination of references would require 
a substantial reconstruction and redesign 
of the elements shown in Chinnery et al. 
as well as a change in the basic princi- 
ples under which the Chinnery et al. con- 
struction was designed to operate. 

Once appellant had taught how this 
could be done, the redesign may, by hind- 
sight, seem to be obvious to one having 
ordinary skills in the shaft sealing art. 
However, when viewed as of the time 
appellant's invention was made, and 
without the benefit of appellant's dis- 
closure, we find nothing N in the art of 
record which suggests appellant's novel 
oil seal as defined in claims 1, 4 and 7. 

We shall now consider the rejection of 
claim 10, remarking first that it differs 
from claims 1, 4 and 7 in that it is di- 
rected to a combination of a housing 
bore, a resilient sealing ring and a metal 
retaining ring connected to the sealing 
ring, wherein the metal ring has resilient 
hooks which secure the seal in the bore. 
This claim is not limited to the outward- 
ly biased spring fingers. 

The examiner rejected claim 10 on two 
grounds: (1) that substitution for the 
screw securing means of Chinnery et al, 
of a series of spring hooks such as dis- 
closed by Norton would not involve pat- 
entable invention, and (2) unpatentabil- 
ity over Roth. 

[8] We shall first dispose of the sec- 
ond rejection. The board held that claim 
10 is drawn to a combination of a sealing 
ring and a housing bore in which the 
sealing ring is detachably placed and 
that Roth discloses nothing of this na- 
ture. The board therefore reversed the 
rejection on Roth and consequently it is 
not before us. 

As to the first rejection, the board 
recogni2ed that it was on the ground of 
unpatentability "over Chinnery et al. in 



view of Norton" and pointed out that the 
examiner could see nothing patentable 
in substituting spring hook attaching 
means shown in Norton for the screws 
of Chinnery et al. It then said: 

Appellant argues that the references 
fail to suggest or teach how the pro- 
posed [claimed] combination could be 
made and after a careful consideration 
of the references, we have concluded 
that he is correct in this respect. We 
therefore concede that the claim * * * 
defines novelty over the disclosure of 
Fig, 8 of Chinnery et al Novelty alone 
however, is no proper basis for the al- 
lowance of a claim. (Emphasis ours.) 

[4] Although, in reaching this conclu- 
sion, the board made no reference to 
Norton, the context compels the conclu- 
sion that novelty was found notwith- 
standing the disclosure of Norton, taken 
together with Chinnery et al. We fully 
agree, of* course, with the board's state- 
ment 'that novelty alone is not enough 
for patentability. 

With the next statement of the board, 
in explanation of its affirmance of the re- 
jection of claim 10, we do not agree. It 
reads : 

In order to properly define invention 
[meaning, of course, patentable inven- 
tion], a claim should clearly define a 
structure which possesses some defi- 
nite advantage over the prior art. As 
far as we can determine there is no 
better combination of housing and seal 
produced by using a series of snap 
fastener connections to connect the seal 
to the housing, as in appellant's struc- 
ture, over using a series of bolts, as in 
the structure shown by Chinnery et al. 
Both act to merely detachably connect 
one element to another element and as 
far as we can find are merely equiva- 
lent connecting means especially m the 
absence of any unexpected result or 
advantage being obtained, by using one 
means in preference to the other, on 
which the record before us is entirely 
silent. (Emphasis ours.) 

If we may extract from the foregoing 
what we understand to be the essence of 
the board's position in the matter, it is 
that claim 10 is not patentable, though it 
defines a combination which is novel over 
the disclosures of the references, because 
the claimed combination has not been 
shown to be any better than, or to possess 
any advantage over, what was known to 
the art. 

[5] As was pointed out in In re Stem- 
pel, Jr., 44 CCPA 820, 241 F.2d 755, 113 
USPQ 77, an applicant is entitled to a 
patent, under the statutes, unless one of 
the prohibitory provisions of the statutes 
applies. The statutory requirements 
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[6] for patentability, broadly stated, 
are novelty, usefulness and unobvious- 
ness, as provided in 85 U.S.C. sections 
101, 102, and 103. While it is true that 
proof that an invention is better or does 
possess advantages may be persuasive of 
the existence of any one. or all of the 
foregoing three requirements, and hence 
be indicative of patentability, Congress 
has not seen fit to make such proof ■ a 
prerequisite to patentability.* 

Appellant's invention, as defined in 
claim 10, has been held by the board to 
possess novelty over the disclosure of 
Chinnery et al. Just what the board 
thought about the pertinency of Norton 
is obscure but it seems to have regarded 
this reference as of little moment. Ap- 
pelant in his brief here said that Norton 
was held by the board to have no bearing 
on the invention and the Patent Office 
brief said that the appellant was correct 
in so stating and that the court need not 
consider it. We are, therefore, virtually 
without any reference against claim 10 
except Chinnery et al. and the rejection 
thereon is predicated solely on a theory 
of patentability we find to be outside of 
the patent statutes, namely, that the com- 
bination of claim 10 is, by reason of the 
use of spring retaining hooks instead of 
a series of bolts, no better than the com- 
bination of Chinnery et al. However 

V71 intriguing such a ground of rejection 
may be, it is the duty of the tribunals 
of the Patent Office and of this court to 
apply the law as Congress has written it. 
While the provisions of the former R.S. 
4893 may be said to have given the Com- 
missioner some discretion in refusing to 
grant a patent on an otherwise patentable 



% iA critical essay on. the existing law 
has recently appeared under the title "A 
Proposal for: A Standard of Patentability: 
Consonant Statutory Changes; A Manual 
on Determination of Patentability," by 
Malcolm P. Bailey. 41 J.P.OJS. 102-226, 
231-267. It advocates, as we understand it, 
that the present law should be changed to 
set up as the test for patentability, in 
place of the requirement of section 103 
that an invention be unobvious, a require- 
ment that the invention involve progress, 
which the author finds In the constitu- 
tional provisions. Congress has not seen 
fit to include in the statutes, at any time 
during the past 169 years so far as we are 
aware, a requirement that each and every 
patentable invention shall involve "prog- 
ress" in this sense, i.e., that each new 
invention must also be shown to possess 
some definite advantage over the prior 
art. The author relates the term "prog- 
ress" to individual inventions and then 
gives it the connotation that each such 
invention should be a technical advance, 
improvement or betterment. The very 
making of the suggestion to change the 
law is an indication that the existing law 
is otherwise. 



invention unless "the same is sufficiently 
useful and important," when the Patent 
Codification Act of 1952 was enacted, 
Congress removed this provision from old 
section 36 of title 36. now section 131. 
We take this as a further indication that 
it is the intent of Congress that patent- 
ability be determined solely by the pro- 
visions of sections 101, 102 and 103. We 
therefore reverse the board on this 
ground of rejection of claim 10. 

If the issue before us were whether or 
not the spring hooks are better than the 
Chinnery et al. bolts — and we consider 
this in the event we have misapprehended 
the position of the board — we would hold 
that they are, on the basis of what is 
disclosed in the application. This retain- 
ing means seems to possess many ad- 
vantages over screws. Similarly, if the 
board was intending to. say tiaat the 
hooks and the bolts are merely equiva- 
lent connecting means and that claim 10 
is unpatentable because its combination 
differs from the prior art only in the 
substitution of an equivalent for one ele- 
ment in an old combination, then we 
would also have to disagree since we 
think it is clear that the use of the spring 
hooks produces a Tesult quite different 
from the bolts of Chinnery et al. On the 
record before us no reference relied on 
shows any spring hooks nor does it con- 
tain any support for the contention that 
bolts and spring hooks are equivalents. 

For the foregoing reasons we reverse 
the rejection, of claim 10. 

The rejections of claims 1, 4, 7 and 10 
are reversed. 

Martin, Judge, concurs in result. 

Kirk Patrick, Judge, dissenting, in 
which Worley, Chief Judge, joins. 

I think that the board's rejection of 
claims 1, 4 and 7 should be aflfiniecL The 
central idea and the most important fea- 
ture of these three claims, as well as of 
allowed claim 6, is the exertion of out- 
wardly directed pressure upon the bore 
engaging portion of the sealing member, 
the result accomplished being to counter- 
act the tendency of rubber to "set" or 
lose its resiliency and so become ineffec- 
tive to prevent leakage. Jepson comes 
very close to completely anticipating this 
feature of the patent. All that would be 
necessary to make the anticipation com- 
plete would be to provide the Jepson seal 
with a shaft engaging portion and, inci- 
dentally, claim 7 does not specify any 
shaft engaging portion. 

Of course, it was necessary that the 
seal be attached to the bore in a manner 
to prevent its displacement. Chinnery 
provides a flange and screws for this pur- 
pose and none of the three claims re- 
ferred to calls for anything more specific 
than "means." Thus it seems clear that 
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claims 1, 4 and 7 show no patentable 
novelty aa against the prior art of Chin- 
nery plus Jepson. 

The only question is whether Jepson 
is in a nonanalogous art sufficiently re- 
mote from that of the application to put 
it beyond the probability that it would be 
considered by persons skilled in the art 
endeavoring to solve the problem to the 
solution of which the application is di- 
rected. I do not think that it is. Jepson 
was trying to meet exactly the same 
problem as the application under consid- 
eration, namely, to provide a compressi- 
ble sealvwhich could be readily detached 
or inserted in a cylindrical bore but which 
would maintain a firm and leakpxoof 
seat on* the bore when in place. I agree 
with the Solicitor's argument that one 
seeking to improve a machinery seal 
would reasonably be expected to investi- 
gate not only machinery seals but seals 
in other arts where similar problems 
would be encountered. See In re O'Con- 
nor, 34 CCPA 1055, 161 P.2d 221, 73 
USPQ 433. 

Claim 10 stands on a somewhat differ- 
ent basis. This claim entirely omits what 
I think, and have stated above, to be the 
heart of the application. In substance, 
claim 10 really amounts to no more than 
a claim for a hook formation to interlock 
with the housing of a bore in order to 
hold a press fit seal in place.* Gunnery 
discloses means to serve the same purpose 
consisting of screws. 

The board conceded that the combina- 
tion disclosed in claim 10, consisting of 
spring hooks to fasten a press fit seal to 
• the bore, disclosed novelty over Chinnery 
but not patentable novelty. 

I do not read the opinion of the board 
as predicating its conclusion of want of 
invention on the theory that in order to 
be patentable a combination must have 
some distinct advantage over the prior 
art. The board stated that there was 
nothing in the record to show that the 
substitution of hooka for screws produced 
any unexpected result or advantage and, 
therefore, concluded that the introduc- 
tion of hooks did not create patentable 
novelty, but was a mere substitution of 
equivalents. The statement that the 
spring hooks of Ratti were no better 
than the screws of Chinnery was directed 
toward this point and seemingly was 
added to fortify the board's finding of 
equivalency rather than to propound a 
theory of patentability. I agree with the 
board that this claim, though it may 
show novelty over Chinnery, does not 

i Chinnery dlsoloses a press fit seal, but 
no one has suggested that there is any- 
thing new about such a device and the 
specification of the application before us 
concedes that It is old In the art. 



show patentable novelty, and I would 
affirm its rejection. 
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1. Court of Claims — Jurisdiction (§ 27,5) 
Former government employee may not 

maintain action under 28 U.S.C. 1498 
where his employment as aeronautical en- 
gineer included research and develop- 
ment and, even assuming that develop- 
ment of his invention during employment 
was entirely on his own time with his 
own materials and facilities, invention 
related at least generally to official func- 
tions of his employment; it is unneces- 
sary to decide actual date of completion 
of invention inasmuch as employee 
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constructively reduced invention to prac- 
tice by filing patent application while 
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periors were not interested in idea does 
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Petition by Joseph C. Myers against 
United States to recover compensation 
for use of invention. Petition dismissed. 

Scott P. Crampton (Robert F. Conrad 
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on the brief) all of Washington, D.C., 
for plaintiff. 

G. M. Paddack and George Cochran 
Doub for defendant. 

Per Curiam., 

This case was referred pursuant to 
Rule 45(a) to Donald^ E. Lane, a trial 



signs was not legally erroneous, and because 
we find that the Board's finding that Valu's 
guide rails are de jure functional is supported 
by substantial evidence, the Board's refusal to 
register Valu's guide rail designs is affirmed, 
and Rexnord's cross-appeal is dismissed as 
moot. 

AFFIRMED 
COSTS 

No costs. 
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vious. 
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obligation of board to develop evidentiary ba- 
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mon knowledge and common sense" are not 
specialized knowledge and expertise of 
agency contemplated by APA, and may not be 
substituted for evidence, although they may 
be applied to analysis of evidence. 

PATENTS 

[3] Practice and procedure in Patent and 
Trademark Office — Board of Patent 
Appeals and Interferences — In gen- 
eral (§ 110.1101) 

Patentability/Validity — Obviousness — 
Evidence of (§ 115.0906) 

JUDICIAL PRACTICE AND 

PROCEDURE 

Procedure — Judicial review — Stan- 
dard of review — Patents 
(§ 410.4607.09) 

Patent examiners and Board of Patent Ap- 
peals and Interferences, in relying on what 
they assert to be general knowledge to negate 
patentability on ground of obviousness, must 
articulate that knowledge and place it on 
record, since examiners and board are pre- 
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sumed to act from viewpoint of person of or- 
dinary skill in art in finding relevant facts, as- 
sessing significance of prior art, and making 
ultimate determination of obviousness issue; 
failure to do so is not consistent with either ef- 
fective administrative procedure or effective 
judicial review, and board cannot rely on con- 
elusory statements when dealing with particu- 
lar combinations of prior art and specific 
claims, but must set forth rationale on which 
it relies. 

[4] Procedure — Court of Appeals for the 
Federal Circuit (§ 410.03) 

Procedure — Judicial review — Stan- 
dard of review — Patents 
(§ 410.4607.09) 

U.S. Court of Appeals for the Federal Cir- 
cuit will not consider proposed alternative 
grounds for affirming decision of Board of 
Patent Appeals and Interferences rejecting 
patent application for obviousness, since alter- 
native grounds were made at oral argument 
and constitute post hoc rationalization for 
agency action, consideration of which would 
deprive aggrieved party of fair opportunity to 
support its position. 



Appeal from the U.S. Patent and Trademark 
Office, Board of Patent Appeals and Interfer- 
ences. 

Patent application of Sang-Su Lee, serial 
no. 07/631,210, directed to method of auto- 
matically displaying functions of video dis- 
play device and demonstrating how to select 
and adjust functions to facilitate user re- 
sponse. Applicant appeals from decision up- 
holding rejection of all claims for obvious- 
ness, and from reaffirmation of that decision 
on reconsideration. Reversed and remanded. 

Richard H. Stern and Robert E. Bushnell, 
Washington, DC, for Sang Su Lee. 

Sidney O. Johnson Jr., associate solicitor, 
John M. Whealan, solicitor, and Raymond T. 
Chen, Maximilian R. Peterson, and Mark 
Nagumo, associate solicitors, Arlington, Va., 
for Director of U.S. Patent and Trademark Of- 
fice. 

Before Newman, Clevenger, and Dyk, cir- 
cuit judges. 

Newman, J. 

Sang-Su Lee appeals the decision of the 
Board of Patent Appeals and Interferences of 



the United States Patent and Trademark Of- 
fice, rejecting all of the claims of Lee's patent 
application Serial No. 07/631,210 entitled 
"Self-Diagnosis and Sequential-Display 
Method of Every Function." 1 We vacate the 
Board's decision for failure to meet the adju- 
dicative standards for review under the Ad- 
ministrative Procedure Act, and remand for 
further proceedings. 

The Prosecution Record 

Mr. Lee's patent application is directed to a 
method of automatically displaying the func- 
tions of a video display device and demon- 
strating how to select and adjust the functions 
in order to facilitate response by the user. The 
display and demonstration are achieved using 
computer-managed electronics, including 
pulse-width modulation and auto-fine-tuning 
pulses, in accordance with procedures de- 
scribed in the specification. Claim 10 is repre- 
sentative: 

10. A method for automatically display- 
ing functions of a video display device, 
comprising: 

determining if a demonstration mode 
is selected; 

if said demonstration mode is selected, 
automatically entering a picture adjustment 
mode having a picture menu screen display- 
ing a list of a plurality of picture functions; 
and 

automatically demonstrating selection 
and adjustment of individual ones of said 
plurality of picture functions. 
The examiner' rejected the claims on the 
ground of obviousness, citing the combination 
of two references: United States Patent No. 
4,626,892 to Nortrup, and the Thunderchop- 
per Helicopter Operations Handbook for a 
video game. The Nortrup reference describes 
a television set having a menu display by 
which the user can adjust various picture and 
audio functions; however, the Nortrup display 
does not include a demonstration of how to 
adjust the functions. The Thunderchopper 
Handbook describes the Thunderchopper 
game's video display as having a "demonstra- 
tion mode" showing how to play -the game; 
however, the Thunderchopper Handbook 
makes no mention of the adjustment of picture 
or audio, functions. The examiner held that it 



1 Ex parte Lee, No. 1994-1989 (Bd. Pat. App. & Int 
Aug. 30, 1994; on reconsid'n Sept. 29, 1999). 
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would have been obvious to a person of ordi- 
nary skill to combine the teachings of these 
references to produce the Lee system. 

Lee appealed to the Board, arguing that the 
Thunderchopper Handbook simply explained 
how to play the Thunderchopper game, and 
that the prior art provided no teaching or mo- 
tivation or suggestion to combine this refer- 
ence with Nortrup, or that such combination 
would produce the Lee invention. The Board 
held that it was not necessary to present a 
source of a teaching, suggestion, or motiva- 
tion to combine these references or their 
teachings. The Board stated: 

The conclusion of obviousness may . be 
made from common knowledge and com- 
mon sense of a person of ordinary skill in 
the art without any specific hint or sugges- 
tion in a particular reference. 

Board op. at 7. The Board did not explain the 
"common knowledge and common sense" on 
which it relied for its conclusion that "the 
combined teachings of Nortrup and Thunder- 
chopper would have suggested the claimed in- 
vention to those of ordinary skill in the art." 

Lee filed a request for reconsideration, to 
which the Board responded after five years. 
The Board reaffirmed its decision, stating that 
the Thunderchopper Handbook was "analo- 
gous art" because it was "from the same field 
of endeavor" as the Lee invention, and that 
the field of video games was "reasonably per- 
tinent" to the problem of adjusting display 
functions because the Thunderchopper Hand- 
book showed video demonstrations of the 
"features" of the game. On the matter of mo- 
tivation to combine the Nortrup and Thunder- 
chopper references, the Board stated that "we 
maintain the position that we stated in our 
prior decision" and that the Examiner's An- 
swer provided "a well reasoned discussion of 
why there is sufficient motivation to combine 
the references." The Board did not state the 
examiner's reasoning, and review of the Ex- 
aminer's Answer reveals that the examiner 
merely stated that both the Nortrup function 
menu and the Thunderchopper demonstration 
mode are program features and that the Thun- 
derchopper mode "is user-friendly" and it 
functions as a tutorial, and that it would have 
been obvious to combine them. 

Lee had pressed the examiner during pros- 
ecution for some teaching, suggestion, or mo- 
tivation in the prior art to select and combine 



the references that were relied on to show ob- 
viousness. The Examiner's Answer before the 
Board, plus a Supplemental Answer, stated 
that the combination of Thunderchopper with 
Nortrup' "would have been obvious to one of 
ordinary skill in the art since the demonstra- 
tion mode is just a programmable feature 
which can be used in many different device[s] 
for providing automatic introduction by add- 
ing the proper programming software," and 
that "another motivation would be that the au- 
tomatic demonstration mode is user friendly 
and it functions as a tutorial." The Board 
adopted the examiner's answer, stating "the 
examiner has provided a well reasoned discus- 
sion of these references and how the combi- 
nation of these references meets the claim 
limitations." However, perhaps recognizing 
that the examiner had provided insufficient 
justification to support combining the Nortrup 
and Thunderchopper references, the Board 
held, as stated supra, that a "specific hint or 
suggestion" of motivation to combine was not 
required. 
This appeal followed. 

Judicial Review 

Tribunals of the PTO are governed by the 
Administrative Procedure Act, and their rul- 
ings receive the same judicial deference as do 
tribunals of other administrative agencies. 
Dickinson v. Turko, 527 U.S. 150, 50 USPQ2d 
1930 (1999). Thus on appeal we review a 
PTO Board's findings and conclusions in ac- 
cordance with the following criteria: 

5 U.S.C. §706(2) The reviewing court 
shall— 

(2) hold unlawful and set aside agency 
actions, findings, and conclusions found 
to be — 

(A) arbitrary, capricious, an abuse of dis- 
cretion, or otherwise not in accordance 
with law; 

* * * * 

(E) unsupported by substantial evidence 
in a case subject tp sections 556 and 557 
of this title or otherwise reviewed on the 
record of m^gncyi hearing provided by 
statute; 

For judicial review to be meaningfully 
achieved within these strictures, the agency 
tribunal must present a full and reasoned ex- 
planation 6f its decision. The agency tribunal 



must set forth its findings and the grounds 
thereof, as supported by the agency record, 
and explain its application of the law to the 
found facts. The Court has often explained: 

The Administrative Procedure Act, which 
governs the proceedings of administrative 
agencies and related judicial review, estab- 
lishes a scheme of "reasoned decisionmak- 
ing." Not only must an agency's decreed 
result be within the scope of its lawful au- 
thority, but the process by which it reaches 
that result must be logical and rational. 
Allentown Mack Sales and Service, Inc. v. Na- 
tional Labor Relations B±, 522 U.S. 359, 374 
(1998) (citation omitted). This standard re- 
quires that the agency not only have reached a 
sound decision, but have articulated the rea- 
sons for that decision. The reviewing court is 
thus enabled to perform meaningful review 
within the strictures of the APA, for the court 
will have a basis on which to determine 
"whether the decision was based on the rel- 
evant factors and whether there has been a 
clear error of judgment." Citizens to Preserve 
Overton Park v. Volpe, 401 U.S. 402, 416 
(1971). Judicial review of a Board decision 
denying an application for patent is thus 
founded on the obligation of the agency to 
make the necessary findings and to provide an 
administrative record showing the evidence 
on which the findings are based, accompanied 
by the agency's reasoning in reaching its con- 
clusions. See In re Zurko, 258 F.3d 1379, 
1386, 59 USPQ2d 1693, 1697 (Fed. Cir. 
2001) (review is on the administrative record); 
In re Gartside, 203 F.3d 1305, 1314, 53 
USPQ2d 1769, 1774 (Fed. Cir. 2000) (Board 
decision "must be justified within the four 
comers of the record"). 

[1] As applied to the determination of pat- 
entability vel non when the issue is obvious- 
ness, "it is fundamental that rejections under 
35 U.S.C. § 103 must be based on evidence 
comprehended by the language of that sec- 
tion." In re Grasselli, 713 F.2d 731, 739, 218 
USPQ 769, 775 (Fed. Cir. 1983). The essen- 
tial factual evidence on the issue of obvious- 
ness is set forth in Graham v. John Deere Co., 
383 U.S. 1, 17-18, 148 USPQ 459, 467 (1966) 
and extensive ensuing precedent. The patent 
examination process centers on prior art and 
the analysis thereof. When patentability turns 
on the question of obviousness, the search for 
and analysis of the prior art includes evidence 
relevant to the finding of whether there is a 



teaching, motivation, or suggestion to select 
and combine the references relied on as evi- 
dence of obviousness. See, e.g., McGinley v. 
Franklin Sports, Inc., 262 F.3d 1339, 1351-52 
60 USPQ2d 1001, 1008 (Fed. Cir. 2001) ("the 
central question is whether there is reason to 
combine [the] references," a question of fact 
drawing on the Graham factors). 

"The factual inquiry whether to combine 
references must be thorough and searching." 
Id. It must be based on objective evidence of 
record. This precedent has been reinforced in 
myriad decisions, and cannot be dispensed 
with. See, e.g., Brown & Williamson Tobacco 
Corp. v. Philip Morris Inc., 229 F.3d 1120, 
1124-25, 56 USPQ2d 1456, 1459 (Fed. Cir! 
2000) ("a showing of a suggestion, teaching, 
or motivation to combine the prior art refer- 
ences is an Essential component of an obvi- 
ousness holding' ") (quoting CR. Bard, Inc., 
v. M3 Systems] Inc., 157 F.3d 1340, 1352, 48 
USPQ2d 1225, 1232 (Fed. Cir. 1998)); In re 
Dembiczak, 175 F.3d 994, 999, 50 USPQ2d 
1614, 1617 (Fed. Cir. 1999) ("Our case law 
makes clear that the best defense against the 
subtle but powerful attraction of a hindsight- 
based obviousness analysis is rigorous appli- 
cation of the requirement for a showing of the 
teaching or motivation to combine prior art 
references."); In re Dance, 160 F.3d 1339, 
1343, 48 USPQ2d 1635, 1637 (Fed. Cir! 
1998) (there must be some motivation, sug-: 
gestion, or teaching of the desirability of mak- 
ing the specific combination that was made by 
the applicant); In re Fine, 837 F.2d 1071, 
1075, 5 USPQ2d 1596, 1600 (Fed, Cir. 1988) 
(" 'teachings of references can be combined 
only if there is some suggestion or incentive 
to do so/ ") (emphasis in original) (quoting 
ACS Hosp. Sys., Inc. v. Montefiore Hosp., 732 
F.2d 1572, 1577, 221 USPQ 929, 933 (Fed. 
Cir. 1984)). 

The need for specificity pervades this au- 
thority. See, e.g., In re Kotzab, 217 F.3d 1365, 
1371, 55 USPQ2d 1313, 1317 (Fed. Cir. 
2000) ("particular findings must be made as 
to the reason the skilled artisan, with no 
knowledge of the claimed invention, would 
have selected these components for combina- 
tion in the manner claimed"); In re Rouffet, 
149 F.3d 1350, 1359, 47 USPQ2d 1453, 1459 
(Fed. Cir. 1998) ("even when the level of skill 
in the art is high, the Board must identify spe- 
cifically the principle, known to one of ordi- 
nary skill, that suggests the claimed combina- 
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tion. In other words, the Board must explain 
the reasons one of ordinary skill in the art 
would have been motivated to select the refer- 
ences and to combine them to render the 
claimed invention obvious."); In re Fritch, 
972 F.2d 1260, 1265, 23 USPQ2d 1780, 1783 
(Fed. Cir. 1992) (the examiner can satisfy the 
burden of showing obviousness of the combi- 
nation "only by showing some objective 
teaching in the prior art or that knowledge 
generally available to one of ordinary skill in 
the art would lead that individual to combine 
the relevant teachings of the references"). 

[2] With respect to Lee's application, nei- 
ther the examiner nor the Board adequately 
supported the selection and combination of 
the Nortrup and Thunderchopper references to 
render obvious that which Lee described. The 
examiner's conclusory statements that "the 
demonstration mode is just a programmable 
feature which can be used in many different 
device[s) for providing automatic introduction 
by adding the proper programming software" 
and that "another motivation would be that 
the automatic demonstration mode is user 
friendly and it functions as a tutorial" do not 
adequately address the issue of motivation to 
combine. This factual question of motivation 
is material to patentability, and could not be 
resolved on subjective belief and unknown au- 
thority. It is improper, in determining whether 
a person of ordinary skill would have been led 
to this combination of references, simply to 
"[use] that which the inventor taught against 
its teacher." W.L Gore v. Garlock, Inc., 721 
F.2d 1540, 1553, 220 USPQ 303, 312-13 
(Fed. Cir. 1983). Thus the Board must not 
only assure that the requisite findings are 
made, based on evidence of record, but must 
also explain the reasoning by which the find- 
ings are deemed to support the agency's con- 
clusion. 

Deferential judicial review under the Ad- 
ministrative Procedure Act does not relieve 
the agency of its obligation to develop an evi- 
dentiary basis for its findings. To the contrary, 
the Administrative Procedure Act reinforces 
this obligation. See, e.g., Motor Vehicle Manu- 
facturers Ass'n v. State Farm Mutual Automo- 
bile Ins. Co., 463 U.S. 29, 43 (1983) ("the 
agency must examine the relevant data and ar- 
ticulate a satisfactory explanation for its ac- 
tion including a 'rational connection between 
the facts found and the choice made.' ") 
(quoting Burlington Trucfe Lines v. United 



States, 371 U.S. 156, 168 (1962)); Securities 
& Exchange Comm'n v. Chenery Corp., 318 
U.S. 80, 94 (1943) ("The orderly function of 
the process of review requires that the 
grounds upon which the administrative 
agency acted are clearly disclosed and ad- 
equately sustained."). 

In its decision on Lee's patent application, 
the Board rejected the need for "any specific 
hint or suggestion in a particular reference" to 
support the combination of the Nortrup and 
Thunderchopper references. Omission of a 
relevant factor required by precedent is both 
legal error and arbitrary agency action. See 
Motor Vehicle Manufacturers, 463 U.S. at 43 
("an agency rule would be arbitrary and capri- 
cious if the agency . . . entirely failed to con- 
sider an important aspect of the problem"); 
Mullins v. Department of Energy, 50 F.3d 990, 
992 (Fed. Cir. 1995) ("It is well established 
that agencies have a duty to provide review- 
ing courts with a sufficient explanation for 
their decisions so that those decisions may be 
judged against the relevant statutory stan- 
dards, and that failure to provide such an ex- 
planation is grounds for striking down the ac- 
tion."). As discussed in National Labor Rela- 
tions Bd. v. Ashkenazy Property Mgt. Corp., 
817 F.2d 74. 75 (9th Cir. 1987), an agency is 
"not free to refuse to follow circuit prece^ 
dent." 

The foundation of the principle of judicial 
deference to the rulings of agency tribunals is 
that the tribunal has specialized knowledge 
and expertise, such that when reasoned find- 
ings are made, a reviewing court may confi- 
dently defer to the agency's application of its 
knowledge in its area of expertise. Reasoned 
findings are critical to the performance of 
agency functions and judicial reliance on 
agency competence. See Baltimore and Ohio 
R. R. Co. v. Aberdeen'.^ Rockfish R. R. Co., 
393 U.S. 87, 91-92 (1968) (absent reasoned 
findings based on substantial evidence effec- 
tive review would become lost "in the haze of 
so-called expertise"). The "common knowl- 
edge and common sense" on which the Board 
relied in rejecting Lee's application are not the 
specialized knowledge and expertise contem- 
plated by the Administrative Procedure Act. 
Conclusory statements such as those here pro- 
vided do not fulfill the agency's obligation. 
This court explained in Zurko, 258 F.3d at 
1385, 59 USPQ2d at 1697, that "deficiencies 
of the cited references cannot be remedied by 
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Cir? 1999) the court discussed the "fine line 
between agency reasoning that is 'so crippled 
as to be unlawful' and action that is poten^ 
tialiy lawful but insufficiently or inappropri- 
ately explained," quoting from Checkosky v. 
Securities & Exch. Comm'n, 23 F3d 452, 464 
(IXC Cin 1994); the court explained that 
(< [i]n the former circumstance, the court's 
practice is to; vacate the agency's order, while 
in the latter the court frequently remands for 
further explanation (including discussion of 
the "itfevaiit factors and precedents) while 
withholding judgment on the lawfulness of the 
agency's proposed action." I& at 888. In this 
case the Board's analysis of the Lee invention 
does not comport with either the legal require- 
ments for determination of obviousness or 
with the requirements of the Administratiye 
Procedure Act that the agency tribunal set 
forth the/findings and explanations needed for 
"reasoned decisionmaking." Remand for 
these purposes is required; See Overton Parky 
401 US. at 420-221 (remanding for further 
proceedings appropriate to the administrative 
process). . 
VACATED AND REMANDED 



Barbour v. Head 

U-S; District Court 
Southern District of Texas 

No. G-01-491 

Decided December 21, 2001 

COPYRIGHTS 

til Non-copyrightable matter — Ideas and 
systems (§ 211.05) 
Defendants are hot entitled to summary 
judgment that plaintiffs' cooking recipes are 
uncopyrightable, even though 17 U.S.C 
§ 102(b) denies copyright protection to mere 
procedures or processes, since neither courts 
nor Register of Copyrights have declared that 
recipes aire per se uncopyrightable, since de- 
feftdaftts have not shown that plaintiffs' cook- 
bj&Okis copyrighted as factual compilation or 
Cpflectiye work rather than literary work, and 
Siqc? bVen if book is not literary work, genu- 
ine iissue of material fact exists as to whether 
plaintiffs'; recipes, which contain more than 
mechanical listings of ingredients and cooking 



instructions, represent mere unprotected facts 
or protectable expression. 

JUDICIAL PRACTICE AND 
PROCEDURE 

[2] Procedure — Limitations period; time- 
liness (§ 410.05) 
Plaintiffs' claim for copyright infringement 
is not barred by three-year statute of limita- 
tions specified by 17 U.S.C. § 507(b), even 
though infringement claim was brought more 
than three years after infringing work was first 
published, since discovery rule and other eq- 
uitable tolling doctrines apply to copyright 
claims, since plaintiffs' cause of action argu- 
ably did not accrue until they discovered de- 
fendants' book, less than one year before suit 
was brought, and since even if claim accrued 
on date of first publication, limitations period 
bars only remedy, not substantive right. 



Action by Judy Barbour and Cookbook Re- 
sources LLC against James Head and Penfield 
Press Inc. for copyright infringement, and for 
unfair competition through misappropriation 
and conversion. On defendants' motion for 
summary judgment. Denied as to copyright 
claims; granted as to state law claims. 

G.R Hardy III, Houston, Texas, for plain- 
tiffs. 

Karen Bryant Tripp, Houston, for defen- 
dants. 

Kent, J. 

ORDER GRANTING IN PART DEFEN- 
DANT PENFIELD PRESS' MOTION TO 
DISMISS 

This case involves a rustled cowboy cook- 
book. On August 13, 2001, Plaintiffs Judy 
Barbour ("Barbour") and Cookbook Re- 
sources, L.L.C. ("Cookbook Resources") 
filed causes of action for copyright infringe- 
ment, unfair competition through misappro- 
priation, and conversion, with which they're 
fixin' to brand Defendants James Head 
("Head") and Penfield Press, Inc. ("Penfield 
Press"). On October 25, 2001, to bust out of 
the corral. Defendant Penfield Press filed a 
Motion to Dismiss pursuant to FedR.Civ.R 
12(b)(6). For the reasons articulated below, 
Defendant's Motion to Dismiss shall be 
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signs was not legally erroneous, and because 
we find that the Board's finding that Valu's 
guide rails are de jure functional is supported 
by substantial evidence, the Board's refusal to 
register Valu's guide rail designs is affirmed, 
and Rexnord's cross-appeal is dismissed as 
moot. 

AFFIRMED 
COSTS 

No costs. 



In re Lee 

U.S. Court of Appeals 
Federal Circuit 

No. 00-1158 

Decided January 18, 2002 

PATENTS 

[1] Practice and procedure in Patent and 
Trademark Office — Board of Patent 
Appeals and Interferences — In gen- 
eral (§ 110.1101) 

Patentability/Validity — Obviousness — 
Combining references (§ 115.0905) 

Patentability/Validity — Obviousness — 
Evidence of (§ 115.0906) 

Rejection of patent application for obvious- 
ness under 35 U.S.C. § 103 must be based on 
evidence comprehended by language of that 
section, and search for and analysis of prior 
art includes evidence relevant to finding of 
whether there is teaching, motivation, or sug- 
gestion to select and combine references re- 
lied on as evidence of obviousness; factual in- 
quiry whether to combine references must be 
thorough and searching, based on objective 
evidence of record, and Board of Patent Ap- 
peals and Interferences must explain reasons 
why one of ordinary skill in art would have 
been motivated to select references and to 
combine them to render claimed invention ob- 
vious. 



[2] Patentability/Validity — Obviousness 
— Combining references (§ 115.0905) 

JUDICIAL PRACTICE AND 

PROCEDURE 

Procedure — Judicial review — Stan- 
dard of review — Patents 
(§ 410.4607.09) 

Board, of Patent Appeals and Interferences 
improperly relied upon "common knowledge 
and common sense" of person of ordinary 
skill in art to find invention of patent applica- 
tion obvious over combination of two prior art 
references, since factual question of motiva- 
tion to select and combine references is mate- 
rial to patentability, and could not be resolved 
on subjective belief and unknown authority, 
since deferential review of agency decisions 
under Administrative Procedure Act reinforces 
obligation of board to develop evidentiary ba- 
sis for its findings, since board's rejection of 
need for any specific hint or suggestion in par- 
ticular reference to support combination con- 
stituted omission of relevant factor required 
by precedent, and thus was both legal error 
and arbitrary agency action, since board's 
findings must extend to all material facts and 
be documented on record, and since "com- 
mon knowledge and common sense" are not 
specialized knowledge and expertise of 
agency contemplated by A PA, and may not be 
substituted for evidence, although they may 
be applied to analysis of evidence. 

PATENTS 

[3] Practice and procedure in Patent and 
Trademark Office — Board of Patent 
Appeals and Interferences — In gen- 
eral (§ 110.1101) 

Patentability/Validity — Obviousness — 
Evidence of (§ 115.0906) 

JUDICIAL PRACTICE AND 

PROCEDURE 

Procedure — Judicial review — Stan- 
dard of review — Patents 
(§ 410.4607.09) 

Patent examiners and Board of Patent Ap- 
peals and Interferences, in relying on what 
they assert to be general knowledge to negate 
patentability on ground of obviousness, must 
articulate that knowledge and place it on 
record, since examiners and board are pre- 
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sumed to act from viewpoint of person of or- 
dinary skill in art in finding relevant facts, as- 
sessing significance of prior art, and making 
ultimate determination of obviousness issue; 
failure to do so is not consistent with either ef- 
fective administrative procedure or effective 
judicial review, and board cannot rely on con- 
clusory statements when dealing with particu- 
lar combinations of prior art and specific 
claims, but must set forth rationale on which 
it relies. 

[4] Procedure — Court of Appeals for the 
Federal Circuit (§ 410.03) 

Procedure — Judicial review — Stan- 
dard of review — Patents 
(§ 410.4607.09) 

U.S. Court of Appeals for the Federal Cir- 
cuit will not consider proposed alternative 
grounds for affirming decision of Board of 
Patent Appeals and Interferences rejecting 
patent application for obviousness, since alter- 
native grounds were made at oral argument 
and constitute post hoc rationalization for 
agency action, consideration of which would 
deprive aggrieved party of fair opportunity to 
support its position. 



Appeal from the U.S. Patent and Trademark 
Office, Board of Patent Appeals and Interfer- 
ences. 

Patent application of Sang-Su Lee, serial 
no. 07/631,210, directed to method of auto- 
matically displaying functions of video dis- 
play device and demonstrating how to select 
and adjust functions to facilitate user re- 
sponse. Applicant appeals from decision up- 
holding rejection of all claims for obvious- 
ness, and from reaffirmation of that decision 
on reconsideration. Reversed and remanded. 

Richard H. Stem and Robert E. Bushnell, 
Washington, D.C., for Sang Su Lee. 

Sidney O. Johnson Jr., associate solicitor, 
John M. Whealan, solicitor, and Raymond T. 
Chen, Maximilian R. Peterson, and Mark 
Nagumo, associate solicitors, Arlington, Va., 
for Director of U.S. Patent and Trademark Of- 
fice. 

Before Newman, Clevenger, and Dyk, cir- 
cuit judges. 

Newman, J. 

Sang-Su Lee appeals the decision of the 
Board of Patent Appeals and Interferences of 



the United States Patent and Trademark Of- 
fice, rejecting all of the claims of Lee's patent 
application Serial No. 07/631,210 entitled 
"Self-Diagnosis and Sequential-Display 
Method of Every Function/ ' 1 We vacate the 
Board's decision for failure to meet the adju- 
dicative standards for review under the Ad- 
ministrative Procedure Act, and remand for 
further proceedings. 

The Prosecution Record 

Mr. Lee's patent application is directed to a 
method of automatically displaying the func- 
tions of a video display device and demon- 
strating how to select and adjust the functions 
in order to facilitate response by the user. The 
display and demonstration are achieved using 
computer-managed electronics, including 
pulse-width modulation and auto-fine-tuning 
pulses, in accordance with procedures de- 
scribed in the specification. Claim 10 is repre- 
sentative: 

10. A method for automatically display- 
ing functions of a video display device, 
comprising: 

determining if a demonstration mode 
is selected; 

if said demonstration mode is selected, 
automatically entering a picture adjustment 
mode having a picture menu screen display- 
ing a list of a plurality of picture functions; 
and 

automatically demonstrating selection 
and adjustment of individual ones of said 
plurality of picture functions. 
The examiner rejected the claims on the 
ground of obviousness, citing the combination 
of two references: United States Patent No. 
4,626,892 to Nortrup, and the Thunderchop- 
per Helicopter Operations Handbook for a 
video game. The Nortrup reference describes 
a television set having a menu display by 
which the user can adjust various picture and 
audio functions; however, the Nortrup display 
does not include a demonstration of how to 
adjust the functions. The Thunderchopper 
Handbook describes the Thunderchopper 
game's video display as having a "demonstra- 
tion mode" showing how to play. the game; 
however, the Thunderchopper Handbook 
makes no mention of the adjustment of picture 
or audio functions. The examiner held that it 



1 Ex parte Lee. No. 1994-1989 (Bd. Pat. App. & Int. 
Aug. 30, 1994; on reconsid'n Sepi. 29. 1999). 
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would have been obvious to a person of ordi- 
nary skill to combine the teachings of these 
references to produce the Lee system. 

Lee appealed to the Board, arguing that the 
Thunderchopper Handbook simply explained 
how to play the Thunderchopper game, and 
that the prior art provided no teaching or mo- 
tivation or suggestion to combine this refer- 
ence with Nortrup, or that such combination 
would produce the Lee invention. The Board 
held that it was not necessary to present a 
source of a teaching, suggestion, or motiva- 
tion to combine these references or their 
teachings. The Board stated: 

The conclusion of obviousness may be 
made from common knowledge and com- 
mon sense of a person of ordinary skill in 
the art without any specific hint or sugges- 
tion in a particular reference. 

Board op. at 7. The Board did not explain the 
"common knowledge and common sense" on 
which it relied for its conclusion that "the 
combined teachings of Nortrup and Thunder- 
chopper would have suggested the claimed in- 
vention to those of ordinary skill in the art." 

Lee filed a request for reconsideration, to 
which the Board responded after five years. 
The Board reaffirmed its decision, stating that 
the Thunderchopper Handbook was "analo- 
gous art" because it was "from the same field 
of endeavor" as the Lee invention, and that 
the field of video games was "reasonably per- 
tinent" to the problem of adjusting display 
functions because the Thunderchopper Hand- 
book showed video demonstrations of the 
"features" of the game. On the matter of mo- 
tivation to combine the Nortrup and Thunder- 
chopper references, the Board stated that "we 
maintain the position that we stated in our 
prior decision" and that the Examiner's An- 
swer provided "a well reasoned discussion of 
why there is sufficient motivation to combine 
the references. " The Board did not state the 
examiner's reasoning, and review of the Ex- 
aminer's Answer reveals that the examiner 
merely stated that both the Nortrup function 
menu and the Thunderchopper demonstration 
mode are program features and that the Thun- 
derchopper mode "is user-friendly" and it 
functions as a tutorial, and that it would have 
been obvious to combine them. 

Lee had pressed the examiner during pros- 
ecution for some teaching, suggestion, or mo- 
tivation in the prior art to select and combine 



the references that were relied on to show ob- 
viousness. The Examiner's Answer before the 
Board, plus a Supplemental Answer, stated 
that the combination of Thunderchopper with 
Nortrup "would have been obvious to one of 
ordinary skill in the art since the demonstra- 
tion mode is just a programmable feature 
which can be used in many different device[s] 
for providing automatic introduction by add- 
ing the proper programming software," and 
that "another motivation would be that the au- 
tomatic demonstration mode is user friendly 
and it functions as a tutorial." The Board 
adopted the examiner's answer, stating "the 
examiner has provided a well reasoned discus- 
sion of these references and how the combi- 
nation of these references meets the claim 
limitations." However, perhaps recognizing 
that the examiner had provided insufficient 
justification to support combining the Nortrup 
and Thunderchopper references, the Board 
held, as stated supra, that a "specific hint or 
suggestion" of motivation to combine was not 
required. 
This appeal followed. 

Judicial Review 

Tribunals of the PTO are governed by the 
Administrative Procedure Act, and their rul- 
ings receive the same judicial deference as do 
tribunals of other administrative agencies. 
Dickinson u Zurko, 527 U.S. 150, 50 USPQ2d 
1930 (1999). Thus on appeal we review a 
PTO Board's findings and conclusions in ac- 
cordance with the following criteria: 

5 U.S.C. § 706(2) The reviewing court 
shall— 

(2) hold unlawful and set aside agency 
actions, findings, and conclusions found 
to be — 

(A) arbitrary, capricious, an abuse of dis- 
cretion, or otherwise not in accordance 
with law; 

* * * * 

(E) unsupported by substantial evidence 
in a case subject tp sections 556 and 557 
of this title or otherwise reviewed on the 
record of an agency hearing provided by 
statute; 

For judicial review to be meaningfully 
achieved within these strictures, the agency 
tribunal must present a full and reasoned ex- 
planation of its decision. The agency tribunal 



must set forth its findings and the grounds 
thereof, as supported by the agency record, 
and explain its application of the law to the 
found facts. The Court has often explained: 

The Administrative Procedure Act, which 
governs the proceedings of administrative 
agencies and related judicial review, estab- 
lishes a scheme of "reasoned decisionmak- 
ing/* Not only must an agency's decreed 
result be within the scope of its lawful au- 
thority, but the process by which it reaches 
that result must be logical and rational. 
Allentown Mack Sales and Service, Inc. v. Na- 
tional Labor Relations Bd, 522 U.S. 359, 374 
(1998) (citation omitted). This standard re- 
quires that the agency not only have reached a 
sound decision, but have articulated the rea- 
sons for that decision. The reviewing court is 
thus enabled to perform meaningful review 
within the strictures of the APA, for the court 
will have a basis on which to determine 
"whether the decision was based on the rel- 
evant factors and whether there has been a 
clear error of judgment." Citizens to Preserve 
Overton Park v. Volpe, 401 U.S. 402, 416 
(1971). Judicial review of a Board decision 
denying an application for patent is thus 
founded on the obligation of the agency to 
make the necessary findings and to provide an 
administrative record showing the evidence 
on which the findings are based, accompanied 
by the agency's reasoning in reaching its con- 
clusions. See In re Zurko, 258 R3d 1379 
1386, 59 USPQ2d 1693, 1697 (Fed. Cir! 
2001) (review is on the administrative record)- 
In re Gartside, 203 F.3d 1305, 1314, 53 
USPQ2d 1769, 1774 (Fed. Cir. 2000) (Board 
decision "must be justified within the four 
corners of the record"). 

[1] As applied to the determination of pat- 
entability vel non when the issue is obvious- 
ness, "it is fundamental that rejections under 
35 U.S.C § 103 must be based on evidence 
comprehended by the language of that sec- 
tion." In re Grasselli, 713 F.2d 731, 739 218 
USPQ 769, 775 (Fed. Cir. 1983). The essen- 
tial factual evidence on the issue of obvious- 
ness is set forth in Graham v. John Deere Co 
383 U.S. 1, 17-18, 148 USPQ 459, 467 (1966) 
and extensive ensuing precedent. The patent 
examination process centers on prior art and 
the analysis thereof. When patentability turns 
on the question of obviousness, the search for 
and analysis of the prior art includes evidence 
relevant to the finding of whether there is a 



teaching, motivation, or suggestion to select 
and combine the references relied on as evi- 
dence of obviousness. See, e.g., McGinley v. 
Franklin Sports, Inc., 262 R3d 1339 1351-52 
60 USPQ2d 1001, 1008 (Fed. Cir. 2001) ("the 
central question is whether there is reason to 
combine [the] references," a question of fact 
drawing on the Graham factors). 

"The factual inquiry whether to combine 
references must be thorough and searching." 
Id. It must be based on objective evidence of 
record. This precedent has been reinforced in 
myriad decisions, and cannot be dispensed 
with. See, e.g., Brown & Williamson Tobacco 
Corp. v. Philip Morris Inc., 229 F.3d 1120 
1124-25, 56 USPQ2d 1456, 1459 (Fed. Cir 
2000) ("a showing of a suggestion, teaching, 
or motivation to combine the prior art refer- 
ences is an 'essential component of an obvi- 
ousness holding* ") (quoting C.R. Bard, Inc., 
v. M3 Systems, Inc., 157 F.3d 1340, 1352, 48 
USPQ2d 1225, 1232 (Fed. Cir. 1998)); In re 
Dembiczak, 175 F3d 994, 999, 50 USPQ2d 
1614, 1617 (Fed. Cir. 1999) ("Our case law 
makes clear that the best defense against the 
subtle but powerful attraction of a hindsight- 
based obviousness analysis is rigorous appli- 
cation of the requirement for a showing of the 
teaching or motivation to combine prior art 
references."); In re Dance, 160 F.3d 1339 
1343, 48 USPQ2d 1635, 1637 (Fed. Cir! 
1998) (there must be some motivation, sug-" 
gestion, or teaching of the desirability of mak- 
ing the specific combination that was made by 
the applicant); In re Fine, 837 R2d 1071 
1075, 5 USPQ2d 1596, 1600 (Fed. Cir. 1988) 
(" 'teachings of references can be combined 
only if there is some suggestion or incentive 
to do so.' ") (emphasis in original) (quoting 
ACS Hosp. Sys., Inc. v. Montefiore Hosp., 732 
F2d 1572, 1577, 221 USPQ 929, 933 (Fed 
Cir. 1984)). 

The need for specificity pervades this au- 
thority. See, e.g., In re Kotzab, 217 F3d 1365 
1371, 55 USPQ2d 1313, 1317 (Fed. Cir 
2000) ("particular findings must be made as 
to the reason the skilled artisan, with no 
knowledge of the claimed invention, would 
have selected these components for combina- 
tion in the manner claimed"); In re Rouffet 
149 F.3d 1350, 1359, 47 USPQ2d 1453, 1459 
(Fed. Cir. 1998) ("even when the level of skill 
m the art is high, the Board must identify spe- 
cifically the principle, known to one of ordi- 
nary skill, that suggests the claimed combina- 
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tion. In other words, the Board must explain 
the reasons one of ordinary skill in the art 
would have been motivated to select the refer- 
ences and to combine them to render the 
claimed invention obvious."); In re Fritch, 
972 F.2d 1260, 1265, 23 USPQ2d 1780, 1783 
(Fed. Cir. 1992) (the examiner can satisfy the 
burden of showing obviousness of the combi- 
nation "only by showing some objective 
teaching in the prior art or that knowledge 
generally available to one of ordinary skill in 
the art would lead that individual to combine 
the relevant teachings of the references"). 

[2] With respect to Lee's application, nei- 
ther the examiner nor the Board adequately 
supported the selection and combination of 
the Nortrup and Thunderchopper references to 
render obvious that which Lee described. The 
examiner's conclusory statements that "the 
demonstration mode is just a programmable 
feature which can be used in many different 
device[s] for providing automatic introduction 
by adding the proper programming software" 
and that "another motivation would be that 
the automatic demonstration mode is user 
friendly and it functions as a tutorial" do not 
adequately address the issue of motivation to 
combine. This factual question of motivation 
is material to patentability, and could not be 
resolved on subjective belief and unknown au- 
thority. It is improper, in determining whether 
a person of ordinary skill would have been led 
to this combination of references, simply to 
"[use] that which the inventor taught against 
its teacher." W.L Gore u Garlock, Inc., 721 
F.2d 1540, 1553, 220 USPQ 303, 312-13 
(Fed. Cir. 1983). Thus the Board must not 
only assure that the requisite findings are 
made, based on evidence of record, but must 
also explain the reasoning by which the find- 
ings are deemed to support the agency's con- 
clusion. 

Deferential judicial review under the Ad- 
ministrative Procedure Act does not relieve 
the agency of its obligation to develop an evi- 
dentiary basis for its findings. To the contrary, 
the Administrative Procedure Act reinforces 
this obligation. See, e.g., Motor Vehicle Manu- 
facturers Ass *n v. State Farm Mutual Automo- 
bile Ins. Co., 463 U.S. 29, 43 (1983) ("the 
agency must examine the relevant data and ar- 
ticulate a satisfactory explanation for its ac- 
tion including a 'rational connection between 
the facts found and the choice made.' ") 
(quoting Burlington Trucjf Lines v. United 



States, 371 U.S. 156, 168 (1962)); Securities 
& Exchange Comm'n v. Chenery Corp., 318 
U.S. 80, 94 (1943) ("The orderly function of 
the process of review requires that the 
grounds upon which the administrative 
agency acted are clearly disclosed and ad- 
equately sustained."). 

In its decision on Lee's patent application, 
the Board rejected the need for "any specific 
hint or suggestion in a particular reference" to 
support the combination of the Nortrup and 
Thunderchopper references. Omission of a 
relevant factor required by precedent is both 
legal error and arbitrary agency action. See 
Motor Vehicle Manufacturers, 463 U.S. at 43 
("an agency rule would be arbitrary and capri- 
cious if the agency . . . entirely failed to con- 
sider an important aspect of the problem"); 
Mullins v. Department of Energy, 50 F.3d 990, 
992 (Fed. Cir. 1995) ("It is well established 
that agencies have a duty to provide review- 
ing courts with a sufficient explanation for 
their decisions so that those decisions may be 
judged against the relevant statutory stan- 
dards, and that failure to provide such an ex- 
planation is grounds for striking down the ac- 
tion."). As discussed in National Labor Rela- 
tions Bd. v. Ashkenazy Property Mgt. Corp., 
817 F.2d 74, 75 (9th Cir. 1987), an agency is 
"not free to refuse to follow circuit prece- 
dent." 

The foundation of the principle of judicial 
deference to the rulings of agency tribunals is 
that the tribunal has specialized knowledge 
and expertise, such that when reasoned find- 
ings are made, a reviewing court may confi- 
dently defer to the agency's application of its 
knowledge in its area of expertise. Reasoned 
findings are critical to the performance of 
agency functions and judicial reliance on 
agency competence. See Baltimore and Ohio 
R. R. Co. u Aberdeen- & Rockfish R. R. Co., 
393 U.S. 87, 91-92 (1968) (absent reasoned 
findings based on substantial evidence effec- 
tive review would become lost "in the haze of 
so-called expertise"). The "common knowl- 
edge and common sense" on which the Board 
relied in rejecting Lee's application are not the 
specialized knowledge and expertise contem- 
plated by the Administrative Procedure Act. 
Conclusory statements such as those here pro- 
vided do not fulfill the agency's obligation. 
This court explained in Zurko, 258 F.3d at 
1385, 59 USPQ2d at 1697, that "deficiencies 
of the cited references cannot be remedied by 
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the Board's general conclusions about what is 
'basic knowledge* or 'common sense/ " The 
Board's findings must extend to all material 
facts and must be documented or|ithe record, 
lest the "haze of so-called expertise" acquire 
insulation from accountability. "Common 
knowledge and common sense/' even if as- 
sumed to derive from the agency's expertise, 
do not substitute for authority when the law 
requires authority. See Allentown Mack, 522 
U.S. at 376 ("Because reasoned decisionmak- 
ing demands it, and because the systemic con- 
sequences of any other approach are unaccept- 
able, the Board must be required to apply in 
fact the clearly understood legal standards that 

it enunciates in principle ") 

The case on which the Board relies for its 
departure from precedent, In re Bozek, 416 
F.2d 1385, 163 USPQ 545 (CCPA 1969), in- 
deed mentions "common knowledge and 
common sense," the CCPA stating that the 
phrase was used by the Solicitor to support the 
Board's conclusion of obviousness based on 
evidence in the prior art. Bozek did not hold 
that common knowledge and common sense 
are a substitute for evidence, but only that 
they may be applied to analysis of the evi- 
dence. Bozek did not hold that objective 
analysis, proper authority, and reasoned find- 
ings can be omitted from Board decisions 
Nor does Bozek, after thirty-two years of iso- 
lation, outweigh the dozens of rulings of the 
Federal Circuit and the Court of Customs and 
Patent Appeals that determination of patent- 
ability must be based on evidence. This court 
has remarked, in Smiths Industries Medical 
Systems, Inc. v. Vital Signs, Inc., 183 F.3d 
1347, 1356, 51 USPQ2d 1415, 1421 (Fed. Cir. 
1999), that Bozek* $ reference to common 
knowledge "does not in and of itself make it 
so" absent evidence of such knowledge. 

[3] The determination of patentability on 
the ground of unobviousness is ultimately one 
of judgment. In furtherance of the judgmental 
process, the patent examination procedure 
serves both to find, and to place on the official 
record, that which has been considered with 
respect to patentability. The patent examiner 
and the Board are deemed to have experience 
in the field of the invention; however, this ex- 
perience, insofar as applied to the determina- 
tion of patentability, must be applied from the 
viewpoint of "the person having ordinary skill 
in the ait to which said subject matter per- 
tains," the words of section 103. In finding the 



relevant facts, in assessing the significance of 
the prior art, and in making the ultimate deter- 
mination of the issue of obviousness, the ex- 
aminer and the Board are presumed to act 
from this viewpoint. Thus when they rely on 
what they assert to be general knowledge to 
negate patentability, that knowledge must be 
. articulated and placed on the record. The fail- 
ure to do so is not consistent with either effec- 
tive administrative procedure or effective judi- 
cial review. The board cannot rely on conclu- 
sory statements when dealing with particular 
combinations of prior art and specific claims, 
but must set forth the rationale on which it re- 
lies. 

Alternative Grounds 

[4] At oral argument the PTO Solicitor pro- 
posed alternative grounds on which this court . 
might affirm the Board's decision. However, 
as stated in Burlington Truck Lines, Inc. u 
United States, 371 U.S. 156, 168 (1962), 
"courts may not accept appellate counsel's 
post hoc rationalization for agency action." 
Consideration by the appellate tribunal of new 
agency justifications deprives the aggrieved 
party of a fair opportunity to support its posi- 
tion; thus review of an administrative decision 
must be made on the grounds relied on by the 
agency. "If those grounds are inadequate or 
improper, the court is powerless to affirm the 
administrative action by substituting what it 
considers to be a more adequate or proper ba- 
sis." Securities & Exchange Comm'n v. Chen- 
ery Corp., 332 U.S. 194, 196 (1947). As reit- 
erated in Federal Election Comm'n u Akins, 
524 U.S. 11, 25 (1998), "If a reviewing court 
agrees that the agency misinterpreted the law, 
it will set aside the agency's action and re- 
mand the case — even though the agency 
(like a new jury after a mistrial) might later, 
in the exercise of its lawful discretion, reach 
the same result for a different reason." Thus 
we decline to consider alternative grounds that 
might support the Board's decision. 

Further Proceedings 

Sound administrative procedure requires 
that the agency apply the law in accordance 
with statute and precedent. The agency tribu- 
nal must make findings of relevant facts, and 
present its reasoning in sufficient detail that 
the court may conduct meaningful review of 
the agency action. In Radio-Television News 
Directors Ass'n v. FCC, 184 F.3d 872 (D.C. 
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Cir. 1999) the court discussed the "fine line 
between agency reasoning that is 'so crippled 
as to be unlawful' and action that is^poten- 
tially lawful but insufficiently or irfl^propri- 
ately explained," quoting from Checkosky v. 
Securities & Exch. Comm'n, 23 F.3d 452, 464 
(DlC. Cir. 1994); the court explained that 
**[i]n the former circumstance* the court's 
practice is to; vacate the agency's order, while 
in the latter the court frequently remands for 
further explanation (including discussion of 
the relevant factors and "precedehts) while 
withholding judgmeiit on the lawfulness of the 
agency's proposed action." Id., at 888. In this 
case the Board's analysis of the Lee invention 
does not comport with either the legal require- 
ments for determination of obviousness or 
with the requirements of the Administrative 
Procedure Act that the agency tribunal set 
forth the findings and explanations heeded for 
"reasoned decisionmaking." Remand for 
these purposes is required; See Overton Park, 
4ai U ? S. at 420-221 (remanding for further 
proceedings appropriate to the administrative 
process). 

VACATED AND REMANDED 



Barbour v. Head 

U.S. District Court 
Southern District of Texas 

No. G-01-491 

Decided December 21, 2001 

COPYRIGHTS 

[J] Non-copyrightable matter — Ideas and 
systems (§ 211.05) 

Defendants are not entitled to summary 
judgment that plaintiffs* cooking recipes are 
uncopyrightable, even though 17 U.S.C. 
§ 102(b) denies copyright protection to mere 
procedures or processes, since neither courts 
nor Register of Copyrights have declared that 
repipes are per se uncopyrightable, since de- 
fehdajits have not shown that plaintiffs' cook- 
bt>Ok is copyrighted as factual compilation or 
cpBectiye work rather than literary work, and 
^inceieVen if book is not literary work, genu- 
ine issue of material fact exists as to whether 
plaintiffs' recipes, which contain more than 
mechanical listings of ingredients and cooking 



instructions, represent mere unprotected facts 
or protectable expression. 

JUDICIAL PRACTICE AND 

PROCEDURE 

[2] Procedure — Limitations period; time- 
liness (§ 410.05) 
Plaintiffs' claim for copyright infringement 
is not barred by three-year statute of limita- 
tions spepified by 17 U.S.C. § 507(b), even 
though infringement claim was brought more 
than three years after infringing work was first 
published, since discovery rule and other eq- 
uitable tolling doctrines apply to copyright 
claims, since plaintiffs' cause of action argu- 
ably did not accrue until they discovered de- 
fendants' book, less than one year before suit 
was brought, and since even if claim accrued 
on date of first publication, limitations period 
bars only remedy, not substantive right. 



Action by Judy Barbour and Cookbook Re- 
sources LLC against James Head and Penfield 
Press Inc. for copyright infringement, and for 
unfair competition through misappropriation 
and conversion. On defendants' motion for 
summary judgment. Denied as to copyright 
claims; granted as to state law claims. 

G.P. Hardy III, Houston, Texas, for plain- 
tiffs. 

Karen Bryant Tripp, Houston, for defen- 
dants. 

Kent, J. 

ORDER GRANTING IN PART DEFEN- 
DANT PENFIELD PRESS' MOTION TO 
DISMISS 

This case involves a rustled cowboy cook- 
book. On August 13, -2001, Plaintiffs Judy 
Barbour (" Barbour") and Cookbook Re- 
sources, LLC. ("Cookbook Resources") 
filed causes of action for copyright infringe- 
ment, unfair competition through misappro- 
priation, and conversion, with which they're 
fixin* to brand Defendants James Head 
("Head") and Penfield Press, Inc. ("Penfield 
Press"). On October 25, 2001, to bust out of 
the corral, Defendant Penfield Press filed a 
Motion to Dismiss pursuant to Fed.R.Civ.R 
12(b)(6). For the reasons articulated below, 
Defendant's Motion to Dismiss shall be 



